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The Great Steel Works of the Indiana Steel 
Co. at Gary, Ind. 


About four years ago the United States Steel 
Corporation decided upon the establishment of a 
new steel manufacturing plant of exceptional 
size, owing to the great increase in its business, 
and to the fact that all of its existing plants 
were in congested centers where extensions for 
the necessary increase in capacity were imprac- 

 ticable. A location was selected in Indiana on 
the south shore of Lake Michigan (where ore 
could be delivered directly by steamers), about 
25 miles south of Chicago. The company 
purchased an area of over 9,000 acres, 


ing plant, with 32 blowers driven by gas en- 
gines using blast-furnace gas; (4) a pig-casting 
plant; (5) six open-hearth steel plants, each 
with 14 basic furnaces of 60 tons daily ca- 
pacity; (6) the largest rail mill in the world, 
having the s»vecial feature cf electric drive for 
all roll trains, and having a capacity of 4,000 
tons of rails per 24 hours; (7) an electrically 
operated billet mill; (8) a universal plate mill 
(rolling plates up to 60 ins. in width) and a 
sheared plate mill; (9) six merchant mills, one 
18-in.. one 14-in., two 12-in. and two 10-in.; 
(0) an axle mill; (11) extensive repair shops; 
(12) an electric power station. A_ structural 
mill is proposed, but nothing has been decided 


The first blast furnace 
1908, and the 
1909. 


was blown in on Dee, 
first rail was rolled on Feb 
Ore Unloading and Handling. 

For the ore steamers a canal or slip has been 
excavated, extending south about 5,000 ft. 
the new shore line (which is 2,000 ft. beyond 
the original shore line). The entrance will be 
protected by a breakwater extending out into 
the lake, and this is under construction. At 
present the slip is protected against the entrance 
of waves from the open lake by two bulkheads 
800 ft. apart, extending partly across the chan- 
nel from opposite sides of the slip, like baffle 
plates. The first leaves an opening of 117 ft 
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PANORAMIC VIEW SHOWING THE ORE UNLOADERS, ORE HANDLING BRIDGES AND ONE GROUP OF BLAST FURNACES AND HOT- 


BLAST STOVES; 


Raving a water front of seven miles. 
About 1,000 acres of this, with a water front of 
two miles, forms the site of the present works. 
The location is in a sandy waste, which was 
quite uninhabited. With a site of this kind there 
were no limitations due to high cost of land or 
to interference with neighboring industries (as 
in the case of plants built in the outskirts of 
large cities), and the designers had a free hand 
in planning the layout to the best advantage for 
large capacity, combined with high efficiency 
and economy of operation. 

Four special features are: (1) the plant is to 
produce open-hearth steel only; (2) the blast 
furnace gas is utilized on a large scale; (3) elec- 
tric power is used very extensively throughout 
the plant; (4) the roll trains of the various mills 
are driven directly by or geared to electric 
motors, For the construction of this plant, a 
Separate company was organized under the 
name of the Indiana Steel Co. 

The complete plant will comprise the follow- 
ing principal parts: (1) ore-unloading machines 
and ore storage yard; (2) 16 blast furnaces of 
450 tons daily capacity each, in four batteries, 
with hot-blast stoves and gas washers; (3) blow- 
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in regard to it. A general plan of the works is 
given in Fig. 2, and shows the portions com- 
pleted, under construction, and not yet started. 

In June, 1909, the condition of the work was 
as follows: (1) the slip for ore steam- 
ers was finished, and half of the ore 
handling plant was in operation; (2) four 
of the blast furnaces were in service and 
four more were under construction; (3) eight 
gas-driven blowing engines were in service; (4) 
the pig-casting plant was completed to half its 
ultimate capacity; (5) two of the open-hearth 
plants were built and nine of the furnaces in 
operation, a third plant was being erected; (6) 
the rail mill was in operation, and the soaking 
pits for the rail mill and the billet mill were 
completed; (7) the billet mill and the universal 
plate mill were under construction; (8) the 
foundations of the axle mill were under con- 
struction, and the 18-in. and 14-in. merchant 
mills were being erected; (9) the electric power 
station was nearly finished; (10) the repair 
shops were completed and in use. 

The first stake for the layout of the plant was 
driven March 12, 1 The first cargo of ore 
was delivered and unloaded on July 23, 1908. 


IND. 


at one side of the channel, and the other leaves 
a 90-ft. opening at the other side. This tem- 
porary arrangement, with the navigation lights, 
is shown in Fig. 3. The canal has 22 ft. of | 
water, and is 250 ft. wide, the width being in- 
creased to 750 ft. at the south end, so as to form 
a turning basin for the steamers. 

The west side of the canal is formed by a 
concrete retaining wall, beyond which is a spac« 
for the ore unloaders, ore-handling bridges, 
ore stock piles. There are five unloading ma- 
chines (10 for the completed plant), of the 
Hulett type (Engineering News, Aug. 3, 1905 
and Nov. 22, 1906). Each has a 10-ton bucket 
on a vertical arm which is raised and lowered 
by a walking beam. The bucket delivers its 
load to a conveyor car which runs back to the 
rear of the machine and discharges the ore into 
a trough along the edge of the stock yard or 
into hoppers on the machine, from which the ore 
can be delivered into cars. The machines are 
carried on two tracks 62 ft. apart, and span two 
railway tracks laid along the dock. They are 
operated by electricity. Each machine weighs 
about 450 tons and requires only three men to 
handle it, The machines haye been unloading 
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ore at the rate of 300 tons per hour for each 
machine. The panoramic view, p. 161, shows 
the entrance canal (with its concrete wall on 
the left side), the ore-unloading machines, the 
ore-handling bridges (which travel along two 
high concrete walls), and one pair of the blast 
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ft. apart, with eight hot-blast stoves in each 
of the 300-ft. spaces. Each furnace is served 
by four stoves. The blast furnaces are 15 ft. 
diameter at the hearth and for a height of 9 
ft., then widening in 13 ft. to 21% ft. diameter 
at the top of the bosh and narrowing to 16 ft. 
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these the materials are delivered into tric 
transfer cars, each having a weighing h r of 
120 cu. ft. capacity. The transfer cars ver 
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FIG. 2. GENERAL PLAN OF THE STEEL WORKS, ROLLING MILLS, ETC., OF THE 


furnaces with their charging hoists, hot-stoves, 
dust catchers and gas washers. 

The concrete trough into which the conveyor 
car delivers the ore is under the cantilever ends 
of five traveling conveyor bridges of the Hoover 
& Mason type, and five more will be added for 
the complete plant. These are 495 ft. long, and 
each is carried by two towers 187 ft. apart, 
having two cantilever ends of 154 ft. Each 
tower is carried by 16 wheels traveling on rails 
laid upon concrete walls 25 ft. high, which divide 
the storage spaces into three sections. The 
bridges are unusually high, being 85 ft. above 
the floor of the stock yard. Each bridge has a 
15-ton grab bucket which rides on a track on 
the lower chord, and is operated by a cable in 
the usual way, all movements being effected by 
electric motors. The conveyors take the ore 
from the trough and distribute it on the stock 
Piles, and also load the blast furnace cars with 
ore from the stock piles. 

The storage capacity of the yard is about 
1,200 tons per ft. of length. Its present length 
is 2,500 ft., but provision is made for its ex- 
tension to a total of 4,000 ft. The storage ca- 
pacity is sufficient for normal operation of the 
works during a period of six months, and pro- 
vides for a supply during the winter months 
when lake navigation is suspended. There is 
a coke storage yard some distance from the 
works, equipped with Hamilton coke-hand- 
ling machines, as described in our issue of July 
16, 1908. 

Blast Furnaces. 

The 16 blast furnaces (eight now built) are 
arranged in a straight line parallel with the 
stock yard; they are alternately 220 ft. and 300 


at the top of the furnace lining, which is 88 ft. 
above the tapping notch. They are rated at a 
capacity of 450 tons per day for each furnace. 

One of the groups of blast furnaces and stoves 
is shown on p. 161. The erection methods em- 
ployed by the Riter & Conley Co. for the blast 
furnaces and hot-blast stoves is shown in Fig. 
4. A rectangular steel tower carries two lattice 
booms, and also two cantilever frames with 
hoisting booms on the outer ends. 

Between the ore yard and the blast furnaces 
are two parallel rows of elevated storage bins 
2,200 ft. long, one row : 
for coke and the other ae 500" ‘ 
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the materials to the furnace skips, each furnace 
having a pair of skips riding on an inclined 
skipway which has an incline of 60° and a length 
of about 163 ft. from the skip pit to the charg 
ing platform. The trip is made in about 60 sec. 
The operator has only to start the skip; the 
running, retarding and stopping being effected 
automatically. The skip load averages 7,000 lbs 
of ore, 6,000 Ibs. of limestone, or 3,600 lbs. of 
coke. ' 

To reduce the breakage of coke by handlit¢ 
from the railway car to the bin, and again from 








for limestone and ore. 
The bins have a ca- 





pacity of 4, 9 and 13 
tons per lin. ft. for these 3 
materials respectively. 





The ore is delivered by 
two 60-ton electric 











transfer cars which 
travel on ae track 
of 6 ft. 3 ins. gage laid 
along the top of the 
bins and are loaded by 
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bridges. The coke and 
limestone are brought in 
by rail, the cars being 


pushed up an incline to 
three tracks laid’: 6ver SHOWING THE 


Each 14 ft. panel of the ore and limestone 
bins has two bottom spouts, and each panel of 
the coke bins has a single spout. All the spouts 
are fitted with electrically operated gates. From 
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rhese bins are heated by steam coils to 
any trouble and delay due to the freez- 


ing the coke. 
Pig-Casting Machines. 
|, ordinary working, the molten metal from 
+} last furnaces is delivered to the open- 








ERECTION TOWER USED FOR BLAST 
HOT-BLAST STOVES. 


hearth furnaces. At each blast furnace, how- 
ever, there is a pig-casting house, extending at 
an angle of 22%4° with the line of furnaces in 
order to avoid unnecessarily wide spacing be- 
tween them. For disposing of the metal on 
Sundays and holidays, when the open-hearth 
furnaces are not working, there is a_ special 
plant having six Heyl & Patterson pig-casting 
machines to serve the present blast furnaces. 
This will be increased to 11, when the 16 fur- 
naces are in use. 

This plant, with one of the casting machines, 
is shown in Fig. 5. The metal is brought to it 
in 40-ton ladle cars and the ladle is set with 
its trunnions resting in the hinged frames at 
(A), Fig. 5. The hook of the wall crane is then 
attached to a ring bolt in the cross piece (B), 
and the frame tilted, revolving on the pins (C) 
(C). The metal from the ladle flows into a run- 
ner (D) which delivers it to the continuous 
chains of traveling molds (E) (E). These are 
115 ft. long, and deliver the pigs to conveyors 
which carry them for 100 ft. through the tank 
or cooling trough (F), at the end of which the 
conveyors rise to a tower (G) having a chute 
by which the pigs are delivered into railway 
cars. ere is a separate loading track for 
each machine, and these are gravity tracks with 
a grade of 1.25%. 

Near this plant is the “skull cracker” for 
cracking the shells or skulls of cooled metal 
from the ladles. This has a steel runway with 
a 40-ton crane which drops a 6-ton iron ball 
from a height of 60 ft. The skulls and the ball 
or “cracker” are handled by Cutler-Hammer 
hoisting magnets. 

Blowing Plant. 

The blowing engines for the present blast 
furnaces are contained in two brick and con- 
crete buildings 600 ft. and 500 ft. long and 104 
ft. wide. Each contains ten blowers of the 
Slick type, eight driven by gas engines and two 
driven by steam engines. The 600-ft. building 
also contains the high-pressure pumping plant 
whic) serves the hydraulic machinery. Thé gas 


FIG. 4. 


and blowing cylinders are placed tandem, each 
engine having a 42-in. gas cylinder and 72-in. 
blowing cylinder, with 54-in. stroke. The en- 
gines are rated at 2,500 HP. each, and are run 
at a speed of 60 r. p. m. Each will deliver 
33,000 cu. ft. of free air per minute at the nor- 
mal pressure of 18 lbs., 
or 28,000 cu. ft. per 
minute at the maximum 
delivery pressure of 30 
lbs. Compressed air at 
200 Ibs. pressure is used 
for starting. This is 
stored in a 30-in. tank 
and is delivered direct to 
each engine by pipes. 

The gas engines were 
built by the Allis- 
Chalmers Co. and the 
Westinghouse Electric & 
Mfg. Co. The two steam 
blowing engines built 
by the Tod Co. are of 
the cross-compound type, 
with steam cylinders 44 
ins. and & ins. di- 
ameter and air cylin- 
ders 90 ins. diameter, 
all of 72 ins. stroke. 
With 150 Ibs. steam 
pressure, 26 ins. vacuum 
and a speed of 40 r. p. 
m., each will deliver 
40,000 cu. ft. of free 
air per minute. Oppo- 
site each air cylinder 
there is an air intake 
opening in the wall of 
the building, the opening 
being fitted with louvres 
and wire screens. 
Fig. 6 is a view in one 
of the  blowing-engine 
houses. 

Each of the blast fur- 
naces will require about 
44,000 cu. ft. of air per minute. The normal 
blast pressure is 18 lbs. per sq. in., with pro- 
vision for increase to 25 or 30 Ibs. in case the 
furnace burden should show a tendency to 
mass or choke. Under test, some of the blow- 
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ing units have been operated at a delivery pres- 
sure as high as 39 lbs. When-casting, or when 
the blast is being changed from one group of 


stoves to another, the blast pressure drops to 
about 5 Ibs. 
Furnace Gas. 
The amount of gas from the eight blast fur- 


naces is about 22,450,000 cu. ft. per hour. It is 
estimated that about 30% of this gas is required 
in the hot stoves, 7.5% for the boilers, 15% for 
the blowing engines, and 45% for the engines 
of electric power station. About 2.5% Is lost 
in the gas washers. The gas coming from the 
furnace is passed through dust catchers and a 
preliminary washing plant which removes the 
greater part of the heavier foreign matter. The 
gas to be used in the hot-blast stoves and under 
the boilers is given no further treatment, but 
the gas for use as fuel in the engines is passed 
through a secondary washing plant. The pri- 
mary washers are arranged with a battery of 
three washers for each pair of bDiast furnaces 
One washer has a capacity sufficient to take care 
of the gas from one blast furnace, or nearly 50,- 
000 cu. ft. per min. The secondary washers 
have each a capacity of about 15,000 cu. ft. per 
min.,” and are arranged in batteries of eight 
units. The primary and secondary washing 
plants have capacities of 150,000 and 120,000 cu 
ft. per min. respectively. The purified gas for 
the engines averages 90 B. T. U. per cu. ft. It 
is stored in a gas-holder of 200,000 cu. ft. ca 
pacity, from which it goes to the blowing and 
power engines. 

As the furnaces are of the closed-top type, all 
the large gas piping is designed to stand a maxi- 
mum pressure of 35 Ibs. per sq. in. in case of 
explosions of dust or gas in the furnace. Relief 
vents with water seals are provided at different 
points to reduce these pressures and avoid in- 
jury to the washers and other apparatus. 


Open-Hearth Furnaces. 

There will be six open-hearth furnace build- 
ings eventually. Two of these are completed 
and a third is under construction. These are 
parallel with each other but at an angle of 35° 
with the line of blast furnaces. This arrange- 
ment effects an economy in space occupied, and 
reduces the distance for carrying the molten 
metal from the furnaces This metal is con- 
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veyed in 40-ton ladle cars. The buildings are 
of steel frame construction, 1,190 x 193 ft. and 
are arranged in pairs. The central span of 83 
ft. 6 ins. covers the furnaces and charging floor. 
The rear of this floor extends under a 45-ft. side 
span and has three tracks for cars carrying the 
charging boxes with steel scrap for the fur- 
naces. On the other side is a span of 64 ft. 9 ins. 


the rail mill and the other at the billet mill), 
with 200-ton electric cranes for stripping the 
ingots. 

Rail Mill. 

The rail mill is the largest in the world, and 
has a capacity of 4,000 tons of 80-Ib. rails in 
24 hours. Features of much more importance 
than its size are (1) its machinery is operated 





FIG. 6. BLOWING ENGINES DRIVEN BY GAS 
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covering the pouring floor. The scrap in the 
stock yard is handled by electro-magnetic 
hoists. The open-hearth plants Nos. 3 and 4 
are shown in Fig. 7, which gives an idea of 
their size and general design. 

The open-hearth furnaces are of the type gen 
erally used in the modern basic process and are 
16 x 40 ft. at the hearth, with a capacity of 60 
tons. The doors are operated by hydraulic 
power, but it is expected to use electric power 
for those of the furnaces yet to be built. 

The four plants of 56 open-hearth furnaces 
ilready provided for will have an output ca- 
pacity of about 225,000 tons per month, or 2,- 
700,000 tons per year. 

At the end of each furnace building is a mixer 
building, containing two 300-ton mixers of the 
rocking type, which deliver their contents into 
charging ladles. This larger mixer capacity is 
expected to result in a very uniform character 
of the molten metal charged into the open-hearth 
furnaces. The mixers are served by an over- 
head crane having a 75-ton hoist for the 40-ton 
ladles carrying metal from the blast furnaces, 
and a 15-ton auxiliary hoist for tilting these 
ladles. The 60-ton charging ladles are conveyed 
part of the way to the open-hearth furnaces on 
electric transfer cars, and a 75-ton traveling 
erane then picks up the ladle from the car and 
charges the molten iron into the furnace through 
a runner. 

On the tapping or pouring side of the fur- 
naces, shown in Fig. 8, the metal is poured into 
*0-ton or 100-ton ladles. These are set in place 
it the furnace ard removed to the ingot pour- 
ing stands by 125-ton overhead cranes, of which 
there are three in each building. The ladles are 
set on standards or supports in front of the fur- 
naces, these supports having seats or bearings 
to receive the trunnions of the ladies. In the 
buildings yet to be equipped, however, room is 
provided for an additional track running in front 
of the furnaces, so that the ladles can be filled 
without removing them from their cars. The 
ferro-manganese is added to the metal in these 
ladles by meats of a steel chute, fitted with a 
gate which is operated from the tapping plat- 
form by means of a lever. The filled ladles are 
carried by the 125-ton cranes to the platforms 
for pouring the ingots. These ingots are 65% 
ins. high, 18% x 22% ins. at the top and 20 x 24 
ins. at the bottom, weighing about 8,250 Ibs. 
each, There are two stripper houses (one at 
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entirely by electric motors, and (2) it is the only 
motor-driven mill in the world which rolls rails 
direct from the ingot without reheating. The main 
building is 990 x 76 ft., and at right angles to 
it is a building 1,350 x 84 ft. for the soaking 
pits which serve both the rail and billet mills. 
Each of the 12 soaking pits for the rail mill has 
four chambers 6 ft. square, each accommodating 
four 4-ton ingots, 20 x 24 ins. The doors are 
operated by hydraulic power, and the ingots are 
handled by 7%-ton electric traveling cranes. 
Each pit is served by a Hughes gas producer. 
The rolling mill machinery was described in 
some detail in our issue of March 4, 1909. 

The electric operation of the roll trains by 
electricity has been mentioned as one of the 


Vol. 62. 7, 
wig: 
bolted to the spiders of the motors. 7 vein 
can be replaced with others of differ. ry 


if mecessary, as the actual flywhe 
necessary to overcome the extreme |, 
rolling can be determined definite), by 
actual test. One of the 6,000-HP. oe 
motors of the rail mill is shown in F; ie 

The stopping of these immense moto 

of emergency is an important ma 
formed a difficult problem, as it was f 
when disconnected from the rolls it 
hours for the 200-HP. motors (214 r. ; 
1% hours for the 6,000-HP. motors : 
m.) to come to rest. These periods 
reduced to 2 min. 55 secs. and 1 mi: 
respectively, by introducing direct-; 
250 volts into one phase of the windin: 
an external resistance after the motor 
disconnected from the 6,600-volt line. 

The finished rails go to the inspectic; i 
the finishing department, and are the: le 
for shipment. The empty cars stand . 
having a slight grade, so that when lo 
can be run by gravity to the end of : 
ready for distribution by the switching 
tives. 

Two views in the rail mill are shown Fig 
10 and 11, and these give some idea of 
sive and ponderous character of the ele 
driven machinery. Fig. 10 shows the 40-iy 
blooming mill, which is directly connected to 
6,000-HP. electric motor shown in Fig. 9 Fig 
11 shows the transfer to the first 28-in 
the finishing mill. 


Billet Mill. 

This mill is parallel with the rail mill, and is 
electrically operated. It has four 40-in. bloom- 
ing mill stands, each pair driven by an electric 
motor of 2,000 HP., and a five-stand continuous 
32-in. mill driven by a motor. of 6,000 HP. Be- 
yond this are two blooming shears for blooms 
12 ins. and 10 ins. square. The blooms go then 
to a 24-in. six-stand mill (6,000-HP. motor) or 
to a cooling bed for shipment. The billets from 
this mill may pass on to one 18-in. six-stand 
mill (6,000-HP. motor), or they may be sheared 
and delivered to a conveyor for loading into 
cars. 


Electric Power Plant. 

The power-house for generating the electric 
current is a building 966 x 105 ft., and is de- 
signed to serve half of the complete plant. It 
has 17 horizontal twin-tandem double-acting 








FIG. 7. 


striking features of the mill equipment. These 
roll trains are driven by six 6,600-volt induction 
motors: three of these are of 6,000 HP., with 
speeds of 75, 83% and 88 r. p m.; one Is of 2,000 
HP. at 68 r. p. m., and two are of 2,000 HP. 
with a speed of 214 r. p. m. The two high-speed 
motors have 50-ton flywheels built up of steel 
plates riveted together. In the others, the 
flywheel effect is provided by cast-steel rims 





BUILDINGS OF TWO OF THE OPEN-HEARTH 
TOWERS FOR ELECTRIC CABLES; 
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Allis-Chalmers gas engines of 4,000 HP., run- 
ning at 83% r. p. m., and directly connected to 
generators of 2,500 KW. Of these generators, 
15 are 25-cycle three-phase 6,600-volt alicrnat- 
ing-current machines, the others being *°0-volt 
direct-current machines. The engines a said 
to be the largest ever built- to use blast furnace 
gas; they have cylinderw 44 x 54 ins. while 
those at the South Works of the Illinois Stee! 











It 








Angust 12, 1909. 





ENGINEERING NEWS 





165 





cylinders 42 x 54 ins. Each twin-unit 
o8-ft. 100-ton flywheel on a 30-in. shaft. 
‘ern Bleetric control system provides for 
trol of the electrical apparatus from re- 
ints in the plant. There are two Curtis 
urbine generator units of 2,000 KW. for 
and for auxiliary service in case of 
smerceney, 
EB pisces eables are carried by steel 
at the power station, and then to the 
’ points of supply on steel poles set in 
onevete foundations. Each pole can carry 95 
: and the height from the ground to the 
“a : cross arm is from 50 to 75 ft. Some of 
ne poles are shown in Fig. 7. The insulators 
‘S$ to 20 ins. apart; they are colored white, 
ind green for the three phases, to facili- 
tate the tracing of any trouble that may occur. 
Current at 6,600 volts is carried. There are 
thre substations, and also nine transformer sta- 
tions for supplying 440-volt three-phase current. 
A high-tension transmission line carrying 22,000 
yolts connects this plant with the electric power 
plant of the Dlinois Steel Co. at South Chicago. 
A storage battery plant with two batteries of 
125 chloride accumulator cells is provided to 
regulate the load on the alternating current and 
direct-current lines, being charged during peri- 
ods of light load. Each battery is rated at 4,320 
amperes, with a capacity of two or three times 
that amount for a period of a few seconds. 


uré 
blue 


Hydraulic Power Plant. 

Water at 500 Ibs. pressure is furnished for 
tilting the open-hearth furnaces, operating the 
doors of some of these furnaces, shifting the 
billets at the roll tables, and performing other 
special work. For this purpose there is a high- 
pressure pumping plant consisting of three Snow 
horizontal ecross-compound condensing high-duty 
engines of the crank-and-flywheel type. Each 
engine has the steam cylinders (22 ins. and 54 
ins. diameter) at one end of the frames, and the 
9-in. water cylinders at the opposite end, the 
stroke being 36 ins. The engine and pump cross- 
heads are connected by two large rods, and the 
flywheel is between the steam and hydraulic 
cylinders. The normal speed is 33 r. p. m., giv- 
ing a capacity of 1,250 gals. per min. The 
maximum speed is 50 r. p. m., giving a capacity 
of 1,900 gals. per min. against a water pres- 
sure of 500 Ibs., steam being supplied at 150 Ibs. 


The pump cylinders are of the outside end- 
packed valve pot type, with eight valves to each 
cylinder. The valves are of the wing type, of 
small diameter, but of number sufficient to give 
at each end an open area throught the seats 
equal to about twice the plunger area, The en- 








pumping engines of the hydraulic plant, and a 
steam turbine pump; also for such general put 


poses as warming the coils in the oll settling 
tanks and coke bins, and keeping the ga 
washers and valves from freezing in 
weather. 





FIG. 8. INTERIOR OF POURING SIDE OF NO. 4 OPEN-HEARTH PLANT (14 FURNACES OF 60 
TONS CAPACITY), WITH 80-TON LADLES; INDIANA STEEL CO., GARY, IND. 


gines are governed from an accumulator, the 
speed increasing or decreasing as the accumu- 
lator falls or rises. The barometric condenser 
has a normal capacity of 20,000 Ibs. of exhaust 
steam per hour, and a maximum of 25,000 Ibs., 
with injection water at 70° F. and a vacuum of 
26% ins. in the condenser. 


Miscellaneous Features. 
BOILER PLANT.—Steam is provided for va- 
rious auxiliary purposes, and also for emergency 






















































































































*'G. 9. 6,000-HP., 6,600-VOLT INDUCTION MOTOR FOR DRIVING ROLL TRAINS IN THE RAIL 
MILL; INDIANA STEEL CO., GARY, IND. 


Pressure, The valve gear. is of the wide range 
‘Ss type permitting cut-off up to full stroke. 
“team cylinders and their heads are jacketed, 
‘na reheating receiver is placed between the 
hie’-pressure and low-pressure cylinders. 


work. There are two groups of water-tube 
boilers (16 Stirling and 16 Rust boilers) of 400 
HP. each, using blast furnace gas. These sup- 
ply steam for the steam turbines in the electric 
Power-house and the blowing engine house, the 


WATER SUPPLY.—The water supply is taken 
from Lake Michigan, and two 10-ft. conduits 
extend from the intake to a pump pit served by 
four centrifugal pumps. Each pump is driven 
by a three-phase 440-volt induction motor run- 
ning at 500 r. p. m. Each pump has a capacity 
of 25,000,000 gals. per 24 hours, pumping against 
a head of 120 ft. 

REPAIR SHOPS.—For the varied character of 
light and heavy repair work in 4 plant of this 
size extensive and well-equipped repair shops 
have been provided. These include a machine 
shop, blacksmith shop, boiler shop, foundry, 
pattern shop, etc. 

TRACK SYSTEM.—An extensive system of 
nearly 100 miles of railway track is laid through- 
out the plant, all tracks being built by the Chi- 
cago, Lake Shore & Eastern Ry. The lines con- 
verge to six tracks leading to the Kirk classifica 
tion yard recently built near the works by the 
railway company. Here the inbound cars wil! 
be sorted and sent to the proper part of th: 
plant, while outbound cars will be delivered to 
the several connecting main lines. 


Auxiliary Enterprises. 

To provide living accommodation for the 
thousands of employees it was necessary to es- 
tablish a new town adjacent to the works. This 
industrial town of Gary, Ind., has been planned 
on modern ideas, with regard to comfort, con- 
venience and _ sanitation Particulars of its 
streets, sewerage and water supply have been 
given in Engineering News, Nov. 7, 1907. Its 
present population is about 15,000. 

The site of the steel works was crossed by the 
Baltimore & Ohio Ry. and the Chicago, Indiana 
& Southern Ry. By agreement with these rail- 
ways, new lines were built beyond the limits of 
the site, involving about 10% miles of double- 
track construction for the former and 8% miles 
of single track for the latter. The relocation 
of the Lake Shore & Michigan Southern Ry. in- 
volved 11% miles of double track. These new 
lines pass through the town of Gary, Ind., and 
are built at such an elevation as to avoid grade 
crossings, thus increasing the cost of construc- 
tion very considerably. This work was done by 
the Chicago, Lake Shore & Eastern Ry., but was 
paid for by the steel company. 
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A Comparison of Steam-Driven and Elec- 
tric Rolling Mills.* 
By BE. FRIEDLANDER,} Assoc. Am. Inst, EB. E. 


The first electric-driven steel rolling mill in the 
United States was installed about four years ago by the 
Carnegie Steel Co. at the Edgar Thomson Works. Since 
then, a number of other electric-mill drives have been 
installed and run with entire success, a noteworthy ex- 
ample being found in the steel plant at Gary, Ind. 

The introduction of the electric drive has made it pos- 
sible to clear up many points in regard to the power 
required for rolling different shapes of steel, and more- 
over, the operator is able to see at a glance the work 
done by each pass. The electric-roll drive also has 
shown how to get the best relations among rotating 
masses, speed, time and power. It has helped the roll 
designer to calibrate rolls in such a manner that the 
power characteristic for all the passes is uniform, 
thereby avoiding high power peaks, decreasing the size 
of the prime-mover, and reducing first cost and fuel 
consumption. 

The watt-hour meter warns the operator of bearings or 
rolls becoming tight and hot, or of steel that is causing 
excessive friction in the passes, often due to overfilling, 
cooling or faulty calibration. This guards against dam- 
age to the rolls and bearings. The meter indicates that 
lower beat, greater elongation and especially change of 
profile in different directions, increase the power re- 
quired at the rolls much more rapidly than.do chemical 
hardness, high tensile strength, or larger drafts. The 
meter also shows that it is not the higher percentage of 
carbon in steel which requires more power in rolling but 
the lower temperatures at which this steel has to be 
rolled, and also that an increase in width of the steel 
shape requires more power than a decrease in height. 
By means of the meter, too, it can readily be seen that 
rolling ‘“‘squares’’ and ‘“‘rounds’’ takes much less power 
per square inch of displacement than shapes with large 
peripheries and many flanges, as the latter cool off 
quickly and cause much friction in the rolls. 

Tests on rail-mills have shown that the foot-pounds per 
square inch of displacement gradually increase the nearer 
the rail is to the finishing pass. A 75-lb. rail required 
1,100 ft.-Ibs. at the first pass on the first ‘‘rougher.’’ On 
the same stand in the seventh pass it required 3,000 ft.- 
Ibs.; in the first pass on the second roughing rolis 4,800 
ft.-Ibs., In the fifth pass 8,150 ft.-lbs.; 9,500 ft.-lbs. were 
required for the last or finishing pass. The large in- 
crease in foot-pounds is partly due to the greater density 
and the rapid cooling of the steel, especially near the 
thinner flanges at the finishing pass. For this reason, 
the flanges are rolled out as late as possible. Whenever 
required, exact power consumption can be found for 
each phase of rolling. 


lengthens. The reciprocating engine will do just the re- 
verse. It will run very fast without load and slow down 
as the load increases, finally stopping if the lead be- 
comes too great. The maximum torque of reciprocating 
engines is fixed by the size of the cylinders and the 
pressure; it cannot be increased no matter how much 
steam or gas is available. For this reason most mill 


Vol. 62. \.. - 
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To obtain accurate information as to the « powe 
requirements for rolling steel, preliminary to ; 


electric motors, indicator diagrams have bee, 
reciprocating engines doing similar work, bu 
many instances have been misleading. Th, 
rolling steel is very changeable and engine: 
with light loads but at short intervals have : 





FIG. 10. 


40-IN. BLOOMING MILL DIRECTLY CONNECTED TO 6,000-HP. ELECTRIC MOTOR 


United Engineering & Foundry Co., Pittsburg, Builders. 


engines are made very large and often run on only half 
load, with abnormal steam consumption, the most 
economical cut-off being at full load. 

For this work the characteristics of the electric motor 
are much better. Even at double the full torque, the 
efficiency is good and the motor will not stop. But it 
will take more and more current, finally burning unless 
protected. If desirable, speed changes from no load 
to full load can be made small. The current can also 
be limited to a certain maximum, without stopping the 
motor. In this manner excessive strains and serious 





FIG. 11. TRANSFER TO 28-IN. ROLLS OF FINISHING MILL IN THE RAIL MILL OF THE INDIANA 
STEEL CO., AT GARY, IND. 


The ideal motive power for rolls should drive them 
slowly when the steel enters and faster as the piece 


*From a paper presented at the annual convention of 
the American Institute of Electrica] Engineers, Fronte- 
nac, N. Y., June 28, 1909. 

tElectrical Superintendent, Carnegie Steel Co., Brad- 
dock, Pa. 


breakdowns are prevented. Where high speeds are 
necessary, motors can be direct connected to rolls, in- 
creasing the energy of the rotating parts and at the 
same time decreasing the size of motor, the power re- 
quired and the fuel consumption. Heavy reciprocating 
engines cannot run at such hith speeds, and must be 
connected to the rolls by means of gears, ropes or belts. 


wide open. This, together with the work done due to 
the energy of the rotating parts, should be carefully 
observed. Although probably it is not difficult to find 
the maximum torque required to determine the normal 
capacity of the motoi, the above-mentioned points must 
be considered, together with the length and number of 
pieces in the rolls, and the time-intervals between passes 
To be on the safe side it is advisable to follow standard 
mill practice yet and to make motors of ample size and 
strength, in order to stand the severe service and over- 
loads witbout injury. 

In mentioning fly-wheels, the writer had only three- 
high non-reversible mills in mind. As the weight of 
rotating parts is much greater in large motors than in 


. reciprocating engines, and the energy of the rotating 


parts increases as the square of the speed, it is obvious 
that even a small change in speed is of great importance 


<-As tests have shown that rotating masses are some- 


times worse than useless, careful study of this feature 
has to be made in each case. While the steel is being 


‘the power, but as soon as the steel leaves the rolls the 


motor should accelerate the rotating masses to the same 
speed before rolling. The time available and the num- 
ber of revolutions to be made will determine the size 
of the motor mdre than anything else. 

It has been observed, on blooming and roughing wills 

are very short and the intervals are 
rotating masses supply the most energy 
during the rolling period and should therefore be |arge. 
The reverse takes place at the finishing passes, where 
pieces are Tong and follow each other rapidly. Heavy 
rotating masses would in this case be useless, and 
would even require larger motors for their quick ac- 


celeration. Where one motor drives both roughive and 
finishing rolls, curves should be plotted showin, the 
“number of pieces in the rolls at the same time, the 
“length of passes and intervals, the power required for 
each pass, etc. With the help of such curves, the best 
relation between the size and speed of the mot; and 
the fiy-wheel, radius of gyration, etc., can be casily 


The total power required in a steel plant fluciuates 
continuously, the average in many plants being often 
below one-fourth of the total capacity of motors in-(alled. 
The electric-driven rolling mills will, however, demand 4 
considerably larger power-station to take care of the 
large currents, especially when all the motors appea 
to be overloaded at one time, as for instance wh” roll- 
ing cold steel. It is very important to find out ‘fore 
hand how much of this fluctuating load the »ower 
house may have to supply, assuming the worst co ‘102s, 
as the shut-down of the electric power station fo «ven ® 
very short time, will stop the of a laree num- 
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Therefore some means should be taken to pre- 
his disturbance. 
steam engines and boilers the liability of a com- 
shutdown is not so great but the delays and an- 
ees caused by low steam-pressure are of daily oc- 
ce in many plants. In such cases not only are all 
team-driven prime movers unable to develop the 
ed power, but also in trying to develop this power, 
use more and more steam, thus making it diffi- 

‘o raise the steam pressure without increasing the 

er of boilers, or decreasing for a while the load 

uction, 
nal pen grad cry current demands should be 
off the power station as much as possible and only 

,verage current should be supplied. A minimum 

er of generating units can then be kept running 

r nearly maximum load with the most economical 
| consumption and with the least wear and tear of 
“ ving parts. As before mentioned, the average cur- 
rent consumption in a steel plant is always small in com- 
‘arison with motor capacity, on account of the inter- 
uted work and large amount of inertia of the rotating 
parts. By means of storage-batteries or fly-wheel sub- 
stations the occasional large demands for current can 
be taken off the station and supplied from these two 
sources, where it is stored up when the current demand 
is below the average. The exchange of current from one 
motor to another, in connection with electric roll-drives, 
is often considerable and should not be overlooked. 

With regard to the electric reversing mill, it is a fact 
that soon after its first appearance the use of reversing 
rolls became more general, especially in England and 
Germany. In, those countries, small quantities of, one 
kind and shape are rolled and the cost of the large num- 
ber of rolls required and the time in changing rolls are 
probably the chief reasons for using the reversing mill, 
where many different sections can be worked with the 
same rolls. The absence of the heavy and troublesome 
lifting tables is also a welcome feature, especially when 
pieces rolled are very long. 

The first installation in this country of an electric 
reversing mill, at the Illinois Steel Co. works at South 
Chicago, has given entire satisfaction from the start, 
and has demonstrated that the electric motor is much 
better adapted for this kind of work than the reciprocat- 
ing engine, Although the first cost was high, its lower 
depreciation, better operation and lower cost of main- 
tenance should justify its installation. 

In a reversing mill the operator is able to draw steel 
slowly into the rolls and ‘“‘speed up’ while the piece 
lengthens, a great advantage. In order to obtain per- 
fect speed regulation with steam engines, no use can be 
made of steam expansion, but admission continues during 
nearly full stroke, Even then much depends on the skill 
of the operator, who can subject the engine and the 
mill to very severe shocks and can cause serious break- 
downs if he is not careful, Reversing mill engines are 
therefore made heavy and strong. If too much steam 
is admitted, it is difficult to prevent such large engines 
from racing when without load. As both the time of 
actual rolling and the speed of the rolls are limited, most 
of the power is consumed in the rapid starting and stop- 
ping of the heavy rotating parts, without making any 
use of their fly-wheel energy. This gives an added 
waste, 

With the use of electric motors in place of recipro- 
cating engines, the problem of reversing the rolls be- 
comes much simpler and better, in regard to manipula- 
tion, fuel consumption, and cost of maintenance. The 
operation of electric-driven reversing mills is nearly 
automatic; no skied operator is required and all danger 
to the motor and the mill is eliminated. The speed of 
acceleration is prearranged, and no matter how fast the 
operator moves his levers, the maximum current and 
the speed are limited. Reversing is then done with the 
least shock to the rolls and couplings and the danger 
of overstraining the machinery is done away with. 

Where power and speed variation are considerable, 
the direct-current motor, on account of its load and 
speed characteristics, is better adapted for driving rolls 
than the alternating-current motor. For reversidle-roll 
drives it is used exclusively. There is no reason why 
the direct-current motor should give any more trouble 
than the direct-current generator at the power station. 
Four years’ experience has shown that the wear of the 
commutator and the cost of maintenance amount to 
practically nothing. The transmission of large low- 
‘easion currents is much more serious, especially when 
tens of thousands of horse-power have to be supplied 
and the distance of the motors the station is con- 
siderable, The use of higher direct-current voltages in 
motors should be 


g 


nection with large rolling 


starting under heavy load; one single speed fixed by 
the number of poles with the tendency always to run 
at synchronous speed, a low power-factor with light 
loads, the small air gaps; the impracticability of revers- 
ing large units, and the inability to change speed to fly- 
wheel requirements. In the design of the modern roll- 
ing-mill motor, most of these objectionable points have 
been remedied by different means such as wound rotors, 
the introduction of variable resistance, changing the 
number of poles, shifting the phases, slip-rings, etc. 

Whether direct-current power stations with direct- 
current motors are used, or alternating-current stations 
are installed for high-tension transmission with alter- 
nating-current motors either directly on the line or fed 
through transformers, or whether direct-current motors 
are supplied from an alternating-current station through 
converters, motor-generators, batteries or fly-wheel sub- 
stations, is a matter of detail. No doubt any one of 
these systems will give satisfaction if properly designed 
and installed. 


<th- <i tee 
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Raising “Cricket Bat Willows,” Peppermint 
and Other Crops on the Sewage Dis- 
posal Area of Sutton, Surrey, 
England. 


Some brief notes relating to the historic sew- 
age disposal works at Sutton were given in our 
issue of March 18, 1909. The following inter- 
esting information regarding the application of 
storm-water sewage to land at Sutton is extract- 
ed from a paper by Mr. C. Chambers-Smith, En- 
gineer and Surveyor to the Urban Disttict Coun- 
cil, read before the Association of Managers of 
Sewage Disposal Works in June, 1909. We are 
indebted to the London “Surveyor” for the fol- 
lowing extract: 





Clay Land and Underdrains. 


The land, of which there is about 11 acres available 
for irrigation, is only used for sewage disposal during 
heavy storms or when the crops will be benefited by its 
application. The surface, as previously pointed out, is 
of London clay, which was originally underdrained when 
the farm was laid out in 1893. Owing to the escape of 
unpurified sewage into these drains during dry weather, 
when the clay shrinks, producing fissures, they have all 
been cut off with satisfactory results. Great benefit has 
also accrued, both as regards increasing the yield of 
crops and purification purposes, from the lightening of 
the clay soil by the addition to the surface of some 
thousands of loads of house refuse. 


Crops. 

The crops which are being cultivated during the present 
season are potatoes, 2 acres; mangolds, 3 acres; swedes, 
3 acres, peppermint, 1 acre. One acre of land is covered 
with osiers which have been growing several years and 
are being dispensed with. This crop cannot be grown at 
a profit. Rye grass which has been grown in some years 
has never found a ready sale. About one acre of land is 
utilized as a nursery for the rearing of shrubs and trees, 
which are planted in most of the streets in the town 
with such good effect. 

A commencement has been made with the growing of 
what are commercially known as “Cricket Bat Willows.” 
This tree arrives at maturity in 12 to 15 years, when 
the average price obtained for it is £3 [$15) per tree, the 
timber being used for the manufacture of cricket bats— 
the demand for which greatly exceeds the supply. From 
250 to 350 trees are grown to the acre. It is considered 
to be a fair estimate that an acre of such willows should 
produce £750, thus giving a gross yield per acre per 
annum. of £50. The cost of young willow sets is 30s. 
[$7.30] per 100, and 600 sets costing £7 10s. are re- 
quired to the acre. Special care requires to be taken in 
the selection of the true plamt as there are several 
Varieties, some of which are valueless. Botanically ‘it is 
described as the Salix Alba var. coerulea, the stem having 
a perfectly smooth bark with long leaves which show a 
silvery white on the underside, the ordinary willow on 
the other hand having a long uniformly green leaf. 

The young sets are from 1% to 8 ins. in 4 


; 


- Heavy 
damp soils are most favorable to their growth, which is 
from 1 to 1% ins. in diameter per annum, and at the 
end of 15 years when ready for cutting down their 
diameter should be 15 ins. 

It is indispensable that the timber be free from knots. 
Consequently, all young shoots should be stripped from 


other farms to follow the example thus set, some par- 
tieulars may not be out of place: 

The peppermint plant (Mentha Piperita) is cultivated 
for the production of oil of peppermint, known com- 
mercially as Menth. Pip. Ang. Mitcham. Its cultiva- 
tion on a farm is commenced from the young plants 
or sets and not from seed. The usual time for plant 
ing is in the month of May. The price of the sets is 
7 to 9s. per bu. [or an average of $3.90], and 8 bu. are 
usually sufficient for covering 1 acre, when planted 
15 ins. apart. The crop, which grows freely in certain 
districts, appears to be successful chiefly in the south of 
England, and does not appear to have been successfully 
grown further north than Lincolnshire. It is usually 
ready for cutting about Aug. 1, when the plant is just 
breaking into flower. The crop is partially sun-dried, 
placed in mats, and despatched to a mint distillery, a 
number of which exist in the neighboring district of 
Mitcham. Frequently, however, the crop can be sold as 
growing. The yield of oil is frdm 18 to 35 Ibs. per acre, 
the yield per pound ranging from 20 to Sis. [$4.86 to 
$8.26], so that the yield per acre ranges from £25 to £45. 
The cost of distillation is about £5 per acre. The roots 
left in the ground are covered with soil before winter 
sets in, thus protecting them from frost, and through this 
the young shoots grow in the succeeding season. It is 
important to notice that the plant generally exhausts its 
food constituents from the soil in about six years, when 
a complete change of crops, such as mangolds, should be 
made for a number of years. 


Sludge Disposal. 

The sludge which is produced at the sedimentat:ou 
tanks at the high-level works is discharged from the 
tanks three times yearly by gravitation into sludge 
lagoons, which are at present in course of reconstruc- 
tion. The sludge from the low-level tanks is pumped 
to the high level. The lagoons, of which there are 
two in number, are constructed as follows: 

The sides and floor of the lagoons are formed of clay 
Along the lowest part of each lagoon is constructed a 
6-in. pipe drain, with branch drains 6 ft. apart laid 
along the floor, all of which drains are laid with open 
joints. Over the top of these drains and covering the 
whole surface to a depth of 6 ins. is laid coarse clinker, 
and a further layer 3 ins. in depth of ashes from house 
refuse is laid on the top of this, thus facilitating the 
rapid drainage of the liquid portion of the sludge. The 
effluent from the lagoon is discharged into the low-level 
sedimentation tanks. By this method the sludge is 
dried in a comparatively short space of time, while the 
odor therefrom quickly disappears. 


(i 


A 3,265-FT. DRILL-HOLE has recently been com- 
pleted on the property of the American mine on the 
Marquette range, near Champion, Mich., by the firm of 
Cole & McDonald. As reported in “The Mining Jour- 
nal,” of Marquette, Mich., the work was started Nov. 
1, 1908, and was finished June 1, 1909, with full day’s 
work for all that period except the loss of about one 
week during the holidays and ten days spent in prelim- 
inary experimenting. The drilling was started in slate 
about 60 ft. from the surface and passed from that into 
quartzite at a depth of about 1,600 ft. A core 1%-in. 
in diameter was removed. It is claimed that this is the 
deepest drill-hole ever made in North America, though 
in South Africa the depths have gone above 6,000 ft. 
In our issue of April 15, 1909, p. 408, we noted a 3,200- 
ft. hole in Bisbee, Ariz., then claimed to be the deepest 
on this continent. 


- 





THE COMPARATIVE VALUE OF VARIOUS DUST 

preventives now on the market is to be studied by the 
State Highway Department of Ohio, according to a 
statement issued on Aug. 4, 1909, by Mr. James C. 
Wonders, State Highway Commissioner. Nelson Ave., 
near the city of Columbus, Ohio, has been chosen for 
experimental purposes. The roadway here is 16 ft. 
wide, and sections of it 400 ft. in length have been 
chosen for treatment, thus giving a continuous road, all 
parts of which, Mr. Wonders states, will receive the 
same amount of travel. Dust preventives have already 
been applied on a number of sections. As to the kinds 
of dust preventives to be tested, we quote the following 
from Mr. Wonders’ statement: 
We have a section treated by Carbo-Via; 
Standard Oil asphaltic treatment; Kentucky Rock As- 
phalt; Asphaltoilene; the Indian Refining Co.'s product; 
the Impervious Product Co., of Baltimore; the Ameri- 
can Asphaltum & Rubber Co., of Chicago; the Barrett 
~ = n Tarvia and Tarvia X; the Robeson Process Co., 
of New York; Taroid; United Gas & Improvement Co., 
of Philadelphia; and ‘the Petrolithic Pavement Co., of 
Los Angeles, Cal. We also expect to construct two 
sections, using Portland cement for binder, 


Mr. Wonders informs us that Mr. Seitz, Assistant 
State Highway Commissioner, has personal charge of the 
work, and will be pleased to extend information and 
courtesies to those who are interested in it. He also 
says that the experimental sections of road can be 
reached from the city of Columbus in 20 minutes on 
Columbus, New Albany & Johnsiown interurban 


the 
cars. 
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Tests of Standard and Wide-Flange I-Beams.* 


By EDGAR MARBURG.}+ 

The new Bethlehem Special I-beams and. Girder beams, 
rolied on the Grey universal beam mill, at the works 
of the Bethlehem Steel Co., South Bethlehem, Pa., differ 
in certain important particulars from the so-called 
“standard” beams. In the Grey mill the flanges and 
web of the beam are formed by the simultaneous oper- 
ation of independent horizontal and vertical rolls, thus ad- 
mitting of the effective rolling of the metal in the flanges 
as well as the web. This renders it possible to produce 
wider flanges than by beam mills of the ordinary type 


‘in which the linear speed of rolling at different points 


of the beam varies inversely with the distance from the 
center of the roll, resulting in a dragging action upon 
the fiange metal, which becomes emphasized with in- 
creasing flange width. 

It is claimed that sections produced by the Grey pro- 
ceas are subjected to uniform reduction in rolling at 
all parts of the shape, resulting in greater uniformity 
in the physical properties of the material throughout 
the section, and in the avoidance of internal stresses, 
and that, in consequence, under nominally the same 
working stresses, they possess a larger safety margin 
than beams made by the usual method. It is further 
claimed that the webs of the standard beams are un- 
necessarily thick for economy, but that it is not practi- 
cable to reduce their thickness in the ordinary mill. 
Compared with the lightest standard beams of like 
depth, the lightest Bethlehem Special I-beams are de- 
signed so as to possess the same section moduli at 
weights uniformly 10% less. This is effected by a ma- 
terial decrease of web section and a slight increase of 
flange section, the comparison for the lightest 24-in. 
and 15-in. beams being approximately as follows: 


WEB AND FLANGE SECTIONS IN SQUARE INCHES. 
-Min. 24-in.— e-Min. 15-in.-, 
Bea: 


Beams. ms. 
Std. Bethi. Std. Bethl. 
80-1b. 72-Ib. 42-lb. 88-1b. 
Web section...... 10.9 - 81 5.5 3.8 
Flange section.... 12.4 13.1 7.0 7.4 
pS errr oe 23.3 21.2 12.5 11.2 


The slope of the flanges of the Bethlehem beams is 
one-fourth less than that of the standard beams, or 1 
on 8 instead of 1 on 6. 

The Girder beams are so designed that the lightest 
section of a given depth up to 20 ins. possesses just 
twice the section modulus of the lightest standard 
beam of corresponding, depth, whereas their weight 
averages about 12.5% less than the double weight of the 





*Abstract of a paper read before the American Society 
for Testing Materials, at Atlantic City, N. J., June 28- 
July 8, 1909. 

*Professor of Civil Engineering, University of Penn- 
sylvania, Philadelphia, Pa. 


Unit rg in Pounds. 
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latter. The web thicknesses are practically identical, 
the difference lying chiefly in the greatly increased 
width and slightly increased thickness of the flanges. 
For the greatest depth of standard beams, 24 Ins., the 
section modulus of the lightest girder beam is some- 
what less than twice that of the lightest standard beam. 

The lightest section of each of the three types, for 
depths of 15, 24 and 30 ins., is shown in Fig. 1. The 
largest girder beam is 30 ins. deep and weighs 200 Ibs. 
per ft.; the largest standard beam is 24 ins. deep and 











than in properly finished structural steei. 
clearly apparent in the stress-deformation cury. 
8, in which the highest point on each curve 
represents the yield-point, and from Table | 
obvious, therefore, that the determination of th 
point by the drop of the scalebeam, gives, und 
circumstances, not even approximate information 
the value of the true elastic limit. 

It is noteworthy that certain specimens wh; 
hibit decidedly low elastic limits run particular! 
in ultimate strength. 
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FIG. 1. DIMENSIONS OF I-SECTIONS TESTED. 


weighs 100 lbs. per ft. The section moduli are 610 and 
198 respectively, the former being more than three times 
@s great as the latter, although the weight is only twice 
as great, this advantage being, of course, due partly to 
the difference in depth, and partly to the more favorable 
distribution of the material between the web and flanges. 

The claims advanced in favor of the Bethlehem as 
compared with the standard beams, briefly summarized, 
are: 

1. That the material in the flanges receives more 
work in rolling and is, therefore, of better quality. 

2. That the material throughout the section is more 
nearly uniform in quality. 

8. That the beams are comparatively free from in- 
ternal stresses. 

If these claims are valid, it obviously follows that 
the Bethlehem beams are stronger for like section 
moduli, provided the relatively thin webs do not induce 
premature failure by buckling. 


Tensile Tests. . 
Three tensile tests were made on specimens cut from 
the beams from each heat of steel, one specimen to be 
taken from the web, another from the flange, and a 
third from the root. The finished specimens were all 
1.5 ins. wide, with planed edges, and occupied ap- 
proximately the positions in the sections indicated in 
Fig. 2. The elongations were measured on an 8-in. 


gage-length with a Ewing [microscope] extens- | 


meter. 

The results of these tests, reduced to unit 
elongations, are typically illustrated by Fig. 
3, and are summarized in Table I herewith. 

The most notable feature is the remarkably 
low values of the elastic limit in five of the 
seven specimens from the root, particularly in 
the case of the Bethlehem 15-in. girder beams, 
for which the elastic limit at the root was only 
11,000 lbs. Im six of the seven sets of speci- 
mens the elastic limit was highest in the web, 
as was to be anticipated, and in the seventh set 
the flange specimen gave a slightly higher value. 

The abnormal character of the material in the 
specimens which displayed such low elastic 
limits is further apparent from the fact that 
the ratio of the yieldpoint to the elastic 
limit is, in these cases, much higher 


Unfortunately, the inferior material exists at th: 
or the thickest part of the flange, where its effe 
the strength of the beam is greatest. For fuller ip 
fornfation as to the variability of the metal, it would 
be desirable to cut the entire section longitudinally 
a series of thin strips of suitable length... By taking 
accurate extensometer measurements between a pair of 
contact points on each strip, before and after 
separated from the beam, its state of initial stress 
may be determined. While there seems to be some 
justification for the claim that Bethlehem beams pos- 
sess greater freedom from initial stresses than standard 
beams, experimental proof is needed for its actual « 
monstration. 
The claim of superior uniformity in the physical prop- 
erties of the material throughout the section, advanced 
-in favor of the Bethichem 
beams, is not substantiated 
by the tests. Of the six Beth 
lehem beams in which the 
material was subjected to 
tensile tests, the uniform 
ity with respect to the elas- 
tic limit was good in one 
- case, fair in another, and 
bad in the remaining four 
Fig. 2. Sketch Show- In the last four cases the 
ing Location of Ten- elastic limit of the web ex 
sion Test Specimens ceeded that of the root by 
(Web, Flange and 195, 126, 99 and 74%, re- 
Root). spectively. The writer re- 
grets that he was not af 
forded the desired opportunity of making numerous 
additional tests of this character. In the light of these 
results it would seem that the material in the vicinity 
of the root received insufficient work, or was finished 
at too high a temperature, or both, in the Bethlehem 
as well as the standard beams. 


Bending Tests. 


The first 9 beams were tested under central load, the 
24 others under two equal loads concentrated at the 
quarter-points [giving the same shear and the same 
Moment maxima as under uniform load, but over 4 
larger part of the beam.] 

The load was applied by means of a 600,000-lb. Olsen 
testing-machine, through a spherical bearing 
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block with a flat. lower surface acting on 
the cylindrical surface of a segmental block 
'eq.In. of hardened steel. [For the quarter-point 
loading this set of blocks acted on a 14-in. 
aia, 265-ib. H-section beam about 12 ft. long, 
which pressed down upon the test beam by 
‘segmental blocks or rockers resting on 
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rollers to eliminate longitudinal strain. Th« 
end supports of the test beam in al) cases 
were self-adjusting bearings, but no motion 





4 7 4 


Unit Stress in Pounds. 


rae VA 


to in these bearings was discernible after Lhe 
° initial loads of a few thousand pounds, ex 
cept in a few cases after failure by twis'ing 
of the web, when the lateral thrust from 





the inclined web was sufficient to make 
bearing turn. See Figs. 7, 8, and 9 f° 
views of various parts of the mount!:: 
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fe Y, MEASUREMENTS.—Deflections were ™:« 
ie Af ‘f ee (f es if ‘ge sured by a pointer on a wooden bar re 
° 7 ~ a a a on supports at the ends of the neutral ‘=: 
, x “0008 ‘for tors one i “fo0s ‘for es “e ‘0008 ‘001 0018 of the test-beam. A pointer on the br 
° .0005 001 0018 ° -0005 -001 0015 C) 0005 -001 0015 played over a scale * to the w: 
@Elastic Limit. Unit Elongation in Inches. J the pa tyeched 
“e-72* 24-s-80* 24-G-120¢ beam at mid-apan. 








FIG. 3. TENSILE-TEST CURVES OF SPECIMENS FROM 15-IN AND 24-IN. BEAMS. 
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attached along the two edges of these measurements in connection with the earlier tests 1. That the elastic limit of the standard beams is very 
dial Oe cctenses The gage-length was 40 ins. are not regarded as of sufficient value for reproduction. nearly constant, the average value lying slightly above 
upper a the attempt was made to observe ELASTIC LIMIT.—The values of the elastic limit in 20,000 Ibs. per sq. in. 

In artes a 3" be A by clamping bending given in the tables are the computed extreme- 2. That the elastic limit of the Bethlehem special | 
the 1 aes light flats or angles—along both sides fiber stresses for the loads above which the load-de- beams is much lower for quarter-point than for centra! 
jong al me in Fig. 7, and reading these de- flection ratio ceases to remain constant. As a measure loading, and that this is true also, though in a less de 

inge, shown ied | 


of th nearest 0.01 in. by means of graduated of extra precaution, after a load had been released in gree, of the girder beams. A partial explanation may 

pes a a at any desired points between the out- order to take observations for permanent set, a return perhaps, be found in the fact that with the former load 

— pes of the flange and the longitudinal bars. was always made to that load, and the deflection re- ing, the maximum fiber stress is developed throughout 
edge 


























































































































stan ” middie half of the beam instead of at the central 
as ound that slight, irregular movements occurred read before applying the next load-increment. For the catted’ cone ine ee nace 
equally to the standard beams, which 
_ exhibit no such difference in their be- 
Max. 54,0007 “a 
ae Se enrel havior. 
a 8. That the elastic limit of the 15- 
in. Bethlehem beams is much higher 
Max. 48, 100% than that of the 15-in. standard beams, 
Max. 46,9¢ under central loading, and slightly 
60,000 +— Max. oF Max. 42,100 Max. 42,600" higher under quarter-point loading 
°°? °° x. 42.000) 4. That the elastic limit of the 
ie. of ° : Bethlehem beams declines very rap- 
oa ail 2. a 7 e| idly for the larger sections, reaching 
3 . m, bs ° 5° P finally the remarkably low value of 
H 2 aad , 5 yy fo V, 10,800 Ibs. for the 30-in. Girder beam 
. e - 2° <o2 5 as 80,000 are on A G 32, the values for the other two 
7 ° y 3° ° ° os. fen aie wate beams of that set being only slightly 
5 26,000 ° Vi /- o 26, 4 25,000 higher. 
3 4 s o 60,000 22,300, These values are so surprisingly low 
& 90,000 20,300 20 that they merit more detailed consid- 
18,7¢ 18,7 19,400 eration. On reference to the load- 
* 0 deflection diagrams of these thre« 
20,000}— beams, Fig. 5, it is seen that for 
G31, and G33, they show a slight 
curvature, even below the elastic 
20,900 limit, and that by the most liberal 
— ] i / c interpretation no higher values than 
4 h “ A 4 4 those designated can be assigned to 
f. Ag > ie. ° of? ~ ts the elastic limit. It is also seén that 
0.2 0.4 0.6 08 a 0.2 04 0.6 ox bd - = a4 os permanent set was observed in each 
e * ot 4 3 os = oa 0,4 0.6 3 02, 0.4 06 case at or below the load corre 
18" B-38* 15° S-42* 18.G-79* sponding to the elastic limit. As pre- 
; Total Deflection in Inches. viously stated, these beams were 
¢ . values indicated on diagrams, at critical points, mounted on cylindrical bearings rest 
first Permenent Set (deflection) pie yet extreme Aber stresses re ing on flat plates, to admit of their 
Span 15'-0”, Load central. better adjustment to any irregulari 
ties in the beam. This circumstance 
FIG. 4. LOAD-DEFLECTION CURVES OF 15-IN. BEAMS. Sinai Mineiak Megieaa: ade tte 
beams B il, B 12 and low values of the elastic limit. First, because the 
G 27, the load corre- flanges remained in perfect alinement till shortly before 
“_—" «| Sponding to the elastic failure, and second, because in the test of the single 
Max.32 limit, as above defined Bethlehem 30-in. special I-beam, B 28, a curved lower 
Max.27,400) is slightly less thanthat bearing block was used, instead of a flat plate, and yet 
which produced the first the elastic limit in this instance, 13,000 Ibs., is 400 Ibs. 
permanent set; for lower than that of the 30-in. Girder beam, G 33. Fur- 
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FIG. 6. SUMMARY OF RESULTS OF BENDING TESTS. 


Upper Curves: Modulus of rupture plotted on descending scale. 
Lower Curves: Elastic limit plotted on descending scale. 


FIG. 5. LOAD-DEFLECTION CURVES OF 30-IN. BEAMS. 
FIGS. 4 AND &. BENDING-TEST CURVES FOR 15-IN. AND 30-IN. BEAMS. 


(Abscissas represent deflection at midspan; ordinates represent total load; figures marked 
on curves are computed extreme-fiber stresses in pounds per square inch.) 


during the early stages of loading while the beam was beams G18, B28, G32 and G26, these two loads are ther corroborative evidence as to the remarkably low 


--s a aca 


apparently adapting itself to its bearings. No subse- 
quen’ movements were then discernible until the elastic 
limit of the beam had been exceeded and usually not 
until the ultimate strength had been nearly reached. 
Since these measurements were very time-consuming, 
and ap)cared to furnish little or no useful information, 
they wore omitted in the later tests. The records of 


identical; for the remaining 24 beams of the 31 teated, the 
elastic-limit load is greater, and in some cases very 
much greater, than the permanent-set load. 

The best survey of the entire field may be had 
Fig. 6, in which the individual values for each group 
plotted on a descending scale. The following are 
most important deductions from this diagram: 


: 


| 





value of the elastic limit of these 30-in. girder beams 
is to be found in the fiber-deformation measurements 
performed directly on the flanges themselves, which 
will receive further attention below. The writer ex- 
pected to have the opportunity of making additional 
tests on such beams, mounted on flat end-bearings rest- 
ing on rollers. In his opinion, this change would, how- 
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ever, 


have had no effect on the elastic limit, because 
the alinement of the flanges in these tests was unaffected 


up to loads far beyond the elastic limit. This is also 
clearly shown by the close agreement of the fiber-de- 
formation readings on opposite sides of the flanges. 

The writer will hazard no explanation as to the cause 
of these remarkably low values of the elastic limit; but 








FIG. 7, VIEW OF BEAM READY FOR TEST UNDER QUARTER-POINT 
LOADING. 


he desires to express his conviction that if the beams 


tested are fairly representative samples, the use of a 
working fiber stress of 16,000 Ibs. per square inch, as 
usually recommended for buildings, is indefensible. It 
is essential, in his judgment, that the investigation of 
this phase of the subject should be greatly extended. 

The special beams under central loading developed 
much higher elastic limits than the Girder beams, 
whereas the latter exhibited greater moduli of rupture. 
Again, beam Bi, which has the highest elastic limit 
(36,800 Ibs.), has also the lowest modulus of rupture 
(43,300 Ibs.) of the three beams in that group. The 
ratio of elastic limit to modulus of rupture is, in fact, 
very variable, as would be more readily apparent had 
the values of each been plotted for the beams arranged 
in the same sequence, instead of on a descending scale 
in each group. 

MODULUS OF RUPTURE.—It is seen from Fig. 6 that 
the values of the modulus of rupture in the case of the 
standard beams exhibit considerable variations, whereas 
the elastic limits are nearly constant. The Bethlehem 
30-in. beams again give the lowest values, beam G 31 
having a modulus of only 27,400 Ibs. 

It may reasonably -e anticipated that modulus of rup- 
ture, unlike the elastic limit, is influenced in a no in- 
considerable measure by the degree of fixedness of ends, 
and by the lateral support of the compression flange at 
intermediate points. The values here given should, 
therefore, be regarded as relative rather than absolute. 

RATIOS OF CRITICAL LOADS.—The ratios of the 
average critical loads, namely, the loads at the elastic 
limit and modulus of ruptur®& in a comparison of the 
Bethlehem with the standard beams, are as follows: 


c~— Average Ratios of Critical Loads.——, 
Elastic limit. Modulus of rupture. 





15-in. beams. 15-in. beams. 

Beams Ctr. %-pt. 24-in. Ctr. -pt. 24-in. 
—s load. load. beams. load. oad. beams. 
Bethl. I. 

_ —= 156 106 1.04 100 10 1.06 
Stand. I. 
B. Girder. 

——am = 2.64 219 #188 256 268 1.81 
Stand, I. 

As previously stated, the Bethlehem special I-beams 


have the same section moduli as the standard I-beams, 
and the Bethlehem girders have, in general, twice the 


section moduli of the latter, comparing always the 
lightest beams of each type and depth. It is seen that 
the ratio unity is more than realized by the Special 
beams, and the ratio 2 is exceeded by the 15-in. Girder 
beams; but that the ratios for the 24-in. Girder beams 
are considerably below 2. It ‘is to be observed; however, 
that in the case of these beams, the section modulus of 
the girder beam is about 

11% less than twice that of 
the standard beam. 

Comparing the average 
values for the three 30-in. 
Girder beams with those for 
the single 30-in. Special I- 
beam, the ratios of the loads 
at the elastic limit and 
modulus of rupture are 
found to be 1.34 and 1.43, re- 
spectively, whereas the ratio 
of their section moduli is 
1.49. 

MODULUS OF ELASTIC- 
ITY.—The modulus of elas- 
ticity in bending is nearly 
constant, its average value 
for the 31 beams tested being 
26,300,000. The average 
modulus from the _ tensile 
tests, after rejecting the value 
35,000,000 for the abnormal 
specimen from the root of 
the 15-in., 73-lb, Bethlehem 
girder, is 28,700,000 Ibs. per 
sq. in., or nearly 10% higher 
“than the modulus in bend- 
ing, this difference being in 
general agreement with ob- 
servations of a dimilar nature 
by other investigators. 

FIBER - DEFORMATION 
CURVES.—The fiber stress 
corresponding to the elastic 
limit in bending is, in the 
great majority of cases, low- 
er than that based directly 
on the recorded fiber defor- 
mations. For thé 30-in. 
Girder beams, which exhib- 
ited such low elastic limits in 
bending, e. g., 10,800 Ibs. in 
the case of G32, the aver- 
age elastic limit based on di- 
rect fiber deformations of the 
upper and lower flanges has 
the value % (13,400 + 8,800) 
= 11,100 Ibs., or practically 
the same as the gbove 
value in bending. The readings on opposite sides of 
both the upper and lower flanges were substantially in 
agreement for the entire range of observations, thus 
showing conclusively the absence of lateral deflection of 
the flanges. 

MANNER OF FAILURE.—The principal manner of 
failure of each beam is described briefly in the tables. 
The standard beams failed in every instance by what is 
described as “Lateral deflection of top flange” (Fig. 8), 
and the Bethlehem Special I-beams by what is desig- 
nated “Twist of web’ (Fig. 9]. Manifestly any lateral 
movement of the flange is accompanied by a like move- 
ment of the web. The distinction in the two forms of 
designation is made, however, because in the case of the 
standard beam the initial cause of failure seemed to be 
the lateral weakness of the compression flange, that is to 
say, while the flange would deflect laterally near the 
center, the verticality of the web at the ends would be 
well maintained, unless the bending of the beams was 


Elastic limit, Yield point, 
lbs. per Ibs. 
Size. Location. sq. in. sq. in. 
Bethlehem Special I-beams: 
pa — 36,800 42,500 
15-in.— 38-Ib. ange. 
Root. 16,300 34,400 
Web. 43,000 200 
24-in.— 72-Ib. j Flange. 26,400 36,100 
Root. 33,800 39,400 
120-1b Fiang 3300 31/900 
30-in.—120-Ib. ange. ‘ 
‘ Root. 26,400 ,400 
Standard I-beams: 
15-in.— 42-Ib. 
80-1b Flange 35,400 28, 
24-in.— s ange. 
: h Girder Beam ig vege 
Bethlehem “ ‘a et 
iis — 32,500 41,400 
15-in.— 73-Ib. ange. 
. Root 11,000 32,500 
Web. 35,150 36,400 
24-in.—120-1b. } Flange. 31,900 33,300 
Root. 20,200 29,300 
30- 75-Ib Fis a 35300 82,400 
in.—1 ‘ * 
Root. At 28,200 


Note: Specimens 1 see yg 1.50 ins. wide; thickness varied from 0.25-in. to”"1.36 ins. All flace’ 


pieces were of trapezo: 


Vol. 62. 9 

7. 
—wttens 
continued, under rapidly decreasing loading, beyond 
the point at which the load had reached ;: ‘ximum 
value. The failure of the Special beams w 4, the 
contrary, generally speaking, marked by a - M and 
considerable twisting of the web—usually in . ite di. 
rections at opposite ends, the beam as a who umin 
the form of a very flat letter S—the flanges jain... 
comparatively straight. sa 

The characteristic failure of the 15 and 24 Girder 
beams, under quarter-point loading, was by 1. |atera) 
deflection of the upper flange, in a manner y milar 
to that of the standard beams. Owing to : reater 
width of flange in these beams, this defiectio: © be- 
gun, did not increase as rapidly as in the case tang. 
ard beams. The 30-in. Girder beams failed by twist. 
ing of the web. The 15-in. Girder beams, - ntrally 
loaded, failed, on the contrary, by the wavy » ng of 
the outstanding edges, vertically, in the vicir f the 
center, the metal being apparently too thin bring 
about failure through the lateral deflection o; com- 
pression flange. When this form of failure un to 
manifest itself, there was no evidence of any |). ra) ge 
flection of the flange as a whole. The load in ‘his cage 
was applied through a plate 7 ins. wide, resti: n the 
top flange. Since the flanges are 10% ins. the 
edges projected to a width of 1% ins. 

In genéral it may be said that there was in no jn- 
stance any evidence of the buckling of the web detail 
vertically, not even at the points of loading sup- 
port. The web in twisting assumed the curvature of a 
warped surface, that is to say, its originally vertical 
elements became inclined, but remained straight, or 
grew very slightly curved, as was apparent on the ap 
plication of a steel straight-edge to the webs afier the 
beams had failed. 

Conclusions. 

The number of tests are not sufficient to warrant defi 
nite conclusions. They do point out the need, however, 
of greatly extended investigations along these and sim 
lar lines, with a view of throwing more light on the fo! 
lowing points in particular: 

1. The low elastic limit of the metal near the root 


of the flange: its cause and prevention. 

2. The low elastic limits in bending for the deeper 
beams: the cause and prevention, unless it can be proven 
conclusively that the values obtained in the 
series are abnormal. 

3. The effect, both on the elastic limit in bending and 
modulus of rupture, of variations im the supports and 
lateral restraint at the ends and intermediate points. 

4. Extensive tests on the crippling strength of thin 
webs. 

5. An experimental inquiry relative to the existence 
and magnitude of internal stresses, and how these are 
affected by different methods of rolling, finishing-tem- 
perature, etc. 


present 
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ELECTROLYSIS OF PIPES in Winnipeg, Man., is 
treated in a report by Prof. L. A. Herdt, of McGill Uni- 
versity. This investigation was undertaken by the City 
Council on account of a charge by the city electrician, 
that a fire in one of the main business buildings had 
been caused by stray currents from the traction system. 
The charge was not supported, but it was shown that 
the soil in Winnipeg had a very low electrical resistance 
so that only a small drop of potential along rail-retura 
circuits was permissible, for small leakage to earth and 
pipes. The present system of power distribution, from 
a single station, caused a concentration of return cur- 
rent in the tracks in the heart of the city with conse- 
quent excessive drop of potential along the rails and out 
leakage. Substations at several points of the system 
were recommended to diminish the current returned, 
through the rails, to the center of the city. 


TABLE I.—TENSILE TESTS OF STEEL. 


Ultimate Modulus of Elongation : 
strength, elasticity in in 8 ins., Reduction 
Tbs. per sq. in. 1,000,000 lbs. _— per cent. per cent. 
65,600 28.2 27.5 48.5 
Test defective. Bc: 
62,000 28.0 17.5 36 
400 28.5 25.0 48.( 
63,400 28.0 29.0 57 
63,000 28.4 ea 53 
59,600 29.1 32.0 53 
58,800 28.3 33.0 vv 
58,900 28.0 31.0 57 
No test ns furnished a 
55,000 30. 34.8 61 
60,100 30.4 25.0 5] 
64,500 29.0 + 
Test defective. i 
a as 
RS RE one 
500 28.7 32.0 62.5 
$0200 26 6 6|6@ ‘ 35.0 5 


test- 
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Fig. & 











15-in. 42-ib. Standard Beam. 
FIGS. 8 AND 9. TWO TYPICAL BEAM FAILURES. 


Fig. 9. 24-in. 72-ib. Bethlehem Beam. 








Lab. No. Type. 


B1 
B 31 Beth. I. 
B 3} 
na Average. 
8 s| Std. I. 
86 

Average. 
G7 
G | Girder. 
G9 

Average. 
B10) | 
Bait Beth. I. 
G12) 

Average. 
$13 
aut} Std. 1. 
915 

Average. 
G16 
GIT Girder. 
G18 


Swe 


| 
3} wed 


Average. 


Average. 
Std. 1. 
Average. 
Girder. 
Average. 


Average. 
Girder. 
Average. 


Size. 
15-in. 38-Ib. 


15-in. 42-1b. 


15-in. 78-Ib. 


15-in. 38-Ib. 


15-in. 42-1b. 


15-in. 73-1b. 


24-in. 72-1b. 


24-in. 80-Ib. 


24-in. 120-Ib. 


30-in. 120-Ib. 


30-in. 175-1b. 


Section 
modulus. 


59.0 


58.9 


118.3 


118.2 


174.2 


173.9 


351.4 


*K = Computed froth toad at first lateral deftection. 
K’ = Computed from lead at ultimate 


NOTE: The chemical 


).048%. 


15-in. I-Beams. 


-—At elastic limit.—, 


Deflec- Fiber stress Modulus of Modulus of 
tion, lbs. per elasticity in rupture, 
in ins. sq. in. 1,000,000 Ibs. Ibs. per sq. in. 
A s E . K’* 
0.50 36,300 26.9 37,800 43,300 
0.35 26,000 27.5 44,500 46,900 
0.46 32,700 26.3 44,300 48,1 
0.44 31,700 26.9 42,200 46,100 
0.28 21,700 26.1 37,200 42,100 
0.27 20,2 26.3 38,600 42,000 
0.26 9,400 26.3 39,400 2,600 
0.27 20,400 26.2 400 42,200 
0.36 26,700 27.4 50,900 53,900 
0.38 27,400 26.7 300 54, 
0.36 26,000 26.7 48,000 53,700 
0.37 26,700 26.9 49,700 53,900 
15-in. I-Beams. Quarter-Point Loading. Span, 15 ft. 
0.46 25,000 26.6 37,600 
0.33 17,400 25.7 38,000 
0.42 23,100 27.0 38,000 
40 21,800 26.4 37,900 
0.38 21,300 25.8 33,000 
0.34 19,300 27.8 35,700 
0.37 21,300 27.0 35,300 
0.36 ,600 26.9 34,700 
0.45 25,000 26.2 42,200 
0.38 ,200 27.3 600 
0.37 21,200 28.0 41,600 
0.40 22,500 27.2 41,100 
24-in. I-Beams. Quarter-Point Loading. Span, 20 ft. 
0.39 20,000 5 82,300 
0.47 »200 7 35,500 
0.38 17,500 24.1 35,900 
0.41 20.900 4 34,600 
0.43 21,000 7 33,000 
0.39 20,100 25.5 33,000 
0.34 500 3 32,900 
0.39 19,500 25.8 33,000 
0.43 20,100 23.7 35,400 
0.25 12,100 26.2 33,300 
0.28 100 26.8 34,400 
0.32 15,400 25.6 34,300 
30-in. I-Beams. Quarter-Point Loading. Span, 20 ft. 
1 Dina 
e on sw in. 
Rejected on surface inspection. 
(Only one beam tested.) 
0.18 11,100 25.2 tei 27,400 
0.195 10,800 23.9 ‘ 33,000 
.23 13,400 25.2 das 32,800 
: 11,800 24.8 é 31,000 


(from records) was within the following range of variation: 


TABLE II.—RESULTS OF BENDING TESTS OF I-BEAMS. 
Center Loading. Span, 15 ft. 


Principal Manner of Failure 


: Twist of web. 


1 


Lateral deflection of top flange. 


J 


Wavy buckling of top flange near center. 


> Twist of web. 


Lateral deflection of top flange. 


Lateral deflection of top flange. 


ee a ad 


Twist of web. 


mel Noy cal 


; Lateral deflection of top flange. 


} Lateral deflection of top flange. 


—. 


j Twist of web. 


}rwint of wen 


C 0.18 to 0.26%; Mn 0.41 to 0.86%; P 0.012 to 0.034%; 8 0.031 
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A Problem in the Economic Design of 
Water Distribution Systems. 
By RUDOLPH HERING.* 

{In the design of systems of water distribution, 
purticularly those which are primarily designed 
for fire-protection purposes, there are two gen- 
eral systems of lay-out which have been used 
by engineers, and each of them has been strongly 
defended as the best. 

The first of these systems, which has been 
generally known as the “ring” system, consists, 
typically, in carrying a large main all around 
the periphery of the district to be supplied with 
water. A/! gridiron of laterals extends from 
this outside main across the district. 

In the other system, a large main is laid 
through the center of the district, with laterals 
branching from it to form a gridiron reaching all 
parts of the territory, and of course with a small 
main carried around the periphery to eliminate 
dead ends. 

Of these two systems, the ring system un- 
doubtedly appeals to the lay mind as the better. 
It carries with it the idea of putting a “forti- 
fication” or defense all 


(1) A pipe carrying twice the quantity of 
water will cost less than twice as much. There- 
fore a maximum concentration is economical. 

(2) The shorter the distance to which the bulk 
of the water is carried, the shorter will be the 
larger pipes, and therefore the less costly the 
distribution. 

(3) The more directly the bulk of the water is 
delivered to a given point, the less is the fric- 
tion head, and the greater the remaining avail- 
able pressure for the same size of pipe, which 
produces further economy. 

It should therefore be endeavored, when mak- 
ing a design, to concentrate the flow and shorten 
the distance of the bulk of delivery as much as 
possible. Instead of carrying the water all 
around the city or district on its periphery, the 
largest pipes should be laid as nearly as. prac- 
ticable directly to and through the heart or cen- 
ter of the greatest consumption or use for fire 
purposes. 

To illustrate this conclusion graphically, I ap- 
pend two diagrams, one, System A, indicating 
the alinement I have advocated, and the other, 
System B, representing the one which I under- 



























































around the area to be 20 * 20 20 20 24 20 20 24 
protected. On the other 

hand, the best hydraulic o S 

experts contend, and ap- ™ 4 m 24 ui 7 & 1 & 8 R & R 8 
parently with sound 24 20 £0 24 
scientific basis, that the + ° mm 

system with a central wu g R Ss g $ £ 8 
main is the more econom- 24 24 24 24 24 24. 24 24 

ical. That is to say, if ; 

bi given pressure and S © S M s S ° S e 
volume of water is de- 24 30 30 24 24. 20 20 24. 
sired all over a certain 

district, it can be se- 

cured at much less cost BY R ey & Ni B a a & 8 
by laying down a central | ef 8 30 24 | 42 42 42 42 

main with branches; or, p ARM ORE SS 
to put it another way, if = 2 

a given amount of money 

is to be expended, then Centrai-Main Plan. Ring Plan. 

the system with the System A. System B. 


central main will give 
the largest amount of water at the highest 
pressure. 

In view of the discussion in engineering circles 
over the relative merits of these two systems, it 
seemed to us worth while to secure an authori- 
tative statement upon this subject from a recog- 
nized expert of high standing. We therefore 
requested Mr. Rudolph Hering, M. Am. Soc. 
Cc. E., to furnish us a statement of the reasons 
why the central-main system is superior. We 
present Mr. Hering’s paper, as follows:—Ed.] 





In response to your suggestion, I am pleased 
to send you a diagram and computation to show 
the financial importance of a proper and rational 
consideration of the alinement of the network 
of a water-distribution system. It is strange 
that there should still be a doubt concerning it. 

About 25 years ago the question of the best 
alinement came up in Toronto. The _ superin- 
tendent of the water-works had planned to lay 
a large main all around the city, and to feed to- 
wards the center, thinking this was the best ar- 
rangement for ample fire protection. I believe I 
convinced him that precisely the same protection 
could be obtained in a different way for much 
less money, because the original plan was not 
carried out. A few years ago the same ques- 
tion came up in one of our own largest cities, 
with the same result. 

In my report to the National Board of Health 
in 1881 I stated the principles of alinement with 
regard to sewerage as I found them practised 
in Europe. Similar principles can be applied to 
water-pipe distribution, and the more important 
ones may be stated as follows: 

The pipe system should be designed. to deliver 
at all points a given quantity of water per 
minute at a given pressure, the quantity being 
determined by the desired number of fire 
streams. 

To accomplish this object at the least cost, we 
must consider that: 

*Consulting Engineer, 170 Broadway, New York City. 


stand you to say some other engineers are advo- 
cating. The diagrams show equal areas and are 
supposed to represent a section of a city requir- 
ing a large fire protection. They are divided 
each into 16 districts or blocks, each block being 
surrounded by mains at least 20 ins. in diameter, 
which are shown, and feeding mains placed on 
streets situated within the block’8 ins. to 16 ins. 
in diameter, which are not shown. The whole 
section in each case is supplied by a 48-in. pipe. 

The diagrams are prepared merely to illustrate 
the above-mentioned principles, and are not an 
actual case. I endeavored to keep every feature 
the same excepting as to those features the ef- 
fect of which is to be shown. 

System A represents a distribution with con- 
centrated flow, and shortest delivery thereof; 
System B represents a peripheral distribution. 

It must be assumed that outside of the areas 
of the diagrams no water is to be delivered. It 
is further assumed that each block is provided 
with a sufficient fire service if it is supplied by a 
20-in. pipe feeding any point at its boundary 
freely from both directions. 

It was the intention to arrange the diagrams 
so that in both cases a block should be fed at 
least by an equal number of 20-in. pipes on its 
sides. As they are drawn, however, there is an 
undue advantage in economy given to System B. 
In it two blocks are surrounded on four sides by 
pipes only 20 ins. in diameter, while in System A 
no block has 20-in. pipes on more than three 
sides, the fourth side having a pipe of larger 
size. Again, in System B five blocks have 20-in. 
pipes on three sides, while in System A only two 
blocks have as many as three sides supplied by 
pipes no larger than 20 ins. in diameter. 

If we now enter in the attached table the block 
lengths for each size of pipe, and indicate the 
necessary quantities of iron, we find that the dis- 
tribution pipes for System A require only 4,790 
tons of iron, while those for System B require 
5,487 tons, or 14.5% more. That is, for every 
$100,000 expended for iron water mains accord- 


ing to System A, there would be requir. 
dition of $14,500 for System B, without 
for this additional expenditure any «a 
whatever, either in pressure or in qu 
water available for a fire at any point 

PLAN A. PLAN 


" Block lengths. ing 
1-42 ins, diam. . 000 4-42 ime diam. ~ 
4-36 ins. diam.. 
4-30 ins. diam. 8 On 
10-24 ins. diam. 

18-20 ins. diam. 
| Sarge a Oy 9,581,000 Total 
Percentage of excess of iron in B over A = | 


If a block length of one of the large: 
should be put out of service by accid.: 
should a conflagration then occur at a) 
a proper equipment of shut-off gates }. 
sumed, the two systems are about alik 
quantity of water which would then be «. red 


= 


Notes on Shrinkage of Earthwork and on 
Steam Shovel Work.* 


By F. PARDOE WILSON,; 

This paper is compiled from notes made by the writer 
while Resident Engineer of Construction for the « 
Preific Railway Grade Reduction and Revision, \{-\\ 
Hat Section, 1907-8. 

SHRINKAGE.—The first question that comes uy iy this 
connection is, “‘What is the contractor to be paid for?” 

On light prairie work embankment quantitics are 
often taken, and, considering the practical impossi 
bility of accurately measuring shallow borrow pits as 
left by the generality of contractors and sub-contractors. 
it would seem to be the most accurate method If. 
however, work is paid for from cut quantities, to b« 
rational, all borrow pits must be staked and mezsured 
The practice of paying for cuts up to limit of hau! and 
balance on embankment quantities is not logical. 

In the case of excavetion quantities, the question o! 
shrinkage is not a live one with the contractor, but the 
reverse is the case when embankment is paid for. 

A method of applying shrinkage is required to be suf- 
ficiently elastic to meet the variety of conditions met 
with in the field, and at the Same time sufficiently exact 
to do justice as between the company and the contractor 
This question is often a bone of contention between them 
on account of the magnitude of the quantities involved 
being overlooked. 

On side-hill ground, and when cuts and fills alternate 
rapidly and are of considerable extent, the theoretical 
shrinkage, if applied on top, would lead to anomalous 
conditions. When track laying has closely followed con- 
struction, cases are not unknown where the top sbrink- 
age applied has had to be removed, or where, as illus- 
trated in Fig. 4, the shrinkage, if not immediately taken 
up by settlement, might exceed the permissible grade 

From these considerations it would appear reasonable 





idian 


cine 


to omit raising the fill above profile grade and applying 
side shrinkage only to make a full shoulder so as to 
carry the material required to make up to grade as bank 
settles, 


Fig. 1 shows the usual method of applying shrinkage 
while figs. 2 and 3 show modifications of this method 
_ according as to whether or 


not excess quantities are we 

permissible, or whether or \ oe \9 

not it is thought desirable \o" ey 

to steepen the side slopes. Fig.1. 
Setting the slope stakes 5 Sy 

1 on 1.8, 14, 16 or 17 \X LQ, 

instead of the customary \ aC eta 

1 on 1.5 is easily done in Fig.2. 

the field by adding or sub- \o4 Ss 

tracting 1/10 or 2/10 for \e Ay N 

every foot in height of fill — "i 

to the 1 on 15. half Fig.3: 

Breadths. 


Tables 11.-IV. are inserted for purposes of comp iron 
the quantities being based on these different met of 
applying shrinkrge (figured to profile grade only) hie 
the actual percentage increase from the standard ibed 
and side slopes is stated. 

To provide the full shoulder (always desirabl: the 


width required at profile grade from consideratio.: % 
height of fill ct that point (Fig. 4) is taken, redu for 
practical purposes to the nearest foot and slope stakes se 


in accordance with Fig. 2 or 3. 

This representation in the cross-section notes rable 
I. and Fig. 4) of the quantities to profile grade repre- 
sents the cross-sections as they are staked witho. 4d- 
ditions or alterations, and avoids complication ani cot 

chances of error in figuring the quantitics. It 


sequent an 
gives a definite and straightforward basis to wo® °" 





the Gamadian Socic'y of 
Pacific Ry., W'»''7e6 


*Portion of paper read bef: 
Civil Engineers, April 15, 
+Resident Engineer, 
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TABLE |-SHOWING DATA OF PROFILE IN FIG. 4. 
ie Width Width 
at pro- at profile Practical 


file grade grade from width 
cntink- from top Height height at pro- 
age. shrinkage. of fill. of fill. file grade.* 
6 


0! 17.0 17.8 18 
Oat 18.0 10 19.0 19 
1.00 19.0 14 20.2 20 
1.33 20.0 16 20.8 21 
1.67 210 18 21.4 21 
2.00 22.0 20 22.0 22 
2.00 22.0 20 22.0 29 
1.75 21.25 17 21.1 31 
1.50 20:5 1S 20.5 ny 
125 19.75 12 19.6 20 
1.00 19.0 10 19.0 19 
0.75 18.25 5 17.5 18 
0.50 17.5 2 16.6 17 
0.25 16.75 1 16.3 16 


*r ed in eross sectioning as per Fig. 3, or in figuring 
uanciities and setting second grades as per Fig. 2. 
ONote discrepancies between columns 3 and 5. 


.@ enables another man to pick up one’s notes and fol 
low what has been done, 
» paying for embankment quéntities if an arbitrary 


classification of shrinkage is adopted, such as: 


Team and Slip WOPK. .....--2ese ee cee erence ere eees Nil 
Wheeler and WagOM WOK ....-....+seeeeee ee eeeees 5% 
Dumpear and wheelbarrow. .........-+.++++s+0++- 10% 


and from a consideretion of the fact that earth, when 
first moved by these several methods, expands about 


that same percentage it would appear that the old ex- 





pedient of putting on shrinkage and paying for neat 
embankment quantities is not very wide of the mark 
after all. 

STEAM SHOVEL WORK.—Fig. 5 will be found use- 
ful in determining what a given size of shovel will do, 
and enable one to lay out the most economical lifts 
which should be taken in making a thorough cut. 

The question of water supply for the shovel, its quality 
and quantity, should never be overlooked, as it materi- 
ally affects the cost of the work. 

The use of heavier rail than the dinkeys and dump- 
cars eall for is not economical, as it costs too much 
to move around and handle. 

An all-around shovel on traction wheels with a 1% or 
2-yd. dipper, and 2%-yd. cars on 30-lb. rails, would 
often be more serviceable than the heavier types of 
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Fig. 5. Diagram Giving Capacity of Various Sizes of 
Steam Shovels. 


shovels, where the frequency and distance of moves is 
considered, and jf it could be operated by a gasoline 
motor to solve the fuel difficulty, an almost idez] ma- 
chine for railway work would be available. 





TABLE Iv. 

Roadbed for Actual-percent- 

X section Nominal age increzsed 

and shrinkage quantities over 

setting Cu. 5% Fig.3 16-ft. roadbed 

Fill. Slopes. stakes. yds. cu. yds. lon 15 
10 1.4 17.5 1,166 18 1% 
20 «x 19.0 3,481 74 2% 
20 ; 205 6,944 166 3% 
‘ 10% Fig. 3 

10 1.3 19 1,185 37 3% 
20 2 1, 555 148 % 
20 1.5 25 7,111 333 5% 


A Reinforcing Bar of Varying Section. 
By ELI WHITE.* 

All engineers familiar with the design of steel 
bridges are acquainted with the practice of pro- 
portioning the chords of trusses and flanges of 
girders so that the maximum unit stresses shall 
be approximately constant throughout the length 
of the bridge. This is accomplished by using 
the maximum section at the center of the span 
and decreasing the section of the chords or 
flanges in proportion to the decrease in moment 
This principle has been 
used somewhat hereto- 


beams of 16 to 20 ft. span with a uniform load, 


» 


5% less steel is required than.would be needed 


using loose rods with vertical stirrups. A savinz 
as great as 40% can be made on beams having 


concentrated load at the center, as the «di 
rease in moment is most rapid for this type of 


loading. 


} 


In order to determine whether such a saving 
n steel could be made with safety, six T-beams 


were made, having respectively the dimensions 
and reinforcements shown in Fig. 3, and were 
tested at Swarthmore College during the present 
year. The tests were made by Messrs. A. B 
White and G. N. Ash under the direction of 


t 


*rofessors G. F. Blessing and 8S. 8S. Garrett, of 
he engineering department. The loads were ap 


plied at the third points as indicated by arrows 
The concrete was the same for all beams, being 
a 1:2:4 mix of cement, coarse bar sand and ™% 


i 
t 


n. crushed limestone. The beams were tested 
%) days after making. The steel used in both 


forms of reinforcement was medium steel Nu 





fore in the design of re- 
inforced-concrete beams, 
but has been specifically 
applied to the con- 
struction of the reinforcement described here- 
with. The bar which has been developed and 
patented by the writer not only_gives the maxi- 
mum possible economy of steel for resisting both 
shear and tensile stresses, but also furnishes a 
reinforcement which can be shipped or stored as 
readily and in as small space as ordinary 
straight bars. 

The bar, as shown in Fig. 1, is composed of a 
number of flats, which may vary in size from 





FIG. 1. 
BEAM. 


1 x \& in. to 1% x 3-16 in. The flats are bound 
together by clamps, which may conveniently be 
% x \& in. and these are welded to the bottom 
bar and are bent around the longitudinal bars 
as shown in section. For shipping and storage 
the bar is as shown in Fig. 2. When required 
for use, the ends are bent diagonally upward as 
shown in Fig. 1 and if the shearimg stresses to 
be resisted are large, 


the ends may be bent if’ torr Bars 


FIG. 2. THE WHITE BAR PACKED FOR SHIPPING. 


merous tests showed the elastic limit of the 


corrugated bars to be 41.660 ibs per sq 


in., and that of the flat bars to be 


45,400 


lbs. per sq. in. The respective weights of rein- 


forcements as given in the figure are actual! 


scale weights 


The elastic limit of beams L, II. and III. was 


reached at a load of 13,000 Ibs., while the load at 


elastic limit for beams IV., V., VI. was 16,000 


Ibs. From this it appears that with 15% less 


metal, beams IV., V. and 


VI. had an elastic limit 
14% above beams I., Il 
ind HIIl., even ifter 


making due allowance 
for the difference in elas 


ELEVATION OF THE WHITE REINFORCING BAR IN THE tic limit of the steel 


The results of the tests 

show that a saving in 

steel may be made in concrete beams in the 

sime way as is done in the flanges of plate 

girders. It was noticed that there were no in- 

dictations of failure near the supports, proving 

that horizontal reinforcement is not required 

hear supports to prevent shear failures, if th« 

diagonal tension is properly cared for by diag 
onal shear members. 


Flange of T Section 9° wide 
Rib + @ = = 3° thick 


emer fy yor = a 


| eign Of Stee! = 16.5 lbs 








as shown by dotted a ie Soi 
lines to give increased ASS a Se 2 V2 W's, 7 - 
bond. 4 ti 2h Core Bors. : 4 


| 
Economy of steel is se- _ 








—} 





eured by bending up suc- a 
cessive bars at intervals Fy { Weight of Stee! =H lbs { 
proportionate to the de- PRES IS. AICI eG EIS LON SOAR NN Sram as 


crease in moment. On fume 
account of this, the unit | 
stress in the horizontal 
portion of the bar is ap- 
proximately constant for 
the entire length and 
maximum efficiency of 
steel is secured with 4 
minimum weight. The saving in steel attained 
by this form of bar varies from 15 to 40%. For 


*Civil Engineer, 453 West 166th St., New York City. 











TABLE. II. 
Fill Ht. Cubic 5% 1 Actual 10% Fig. 1 Actual 
in ft, Slopes, Roadbed. yards. cu. yds. Slopes. %. cu. yds. Slopes. %. 
10 15 18 1,148 28 1.425 2 55 1.35 5 
20 1.5 16 3,407 111 1.425 3 222 1.35 6 
om 15 16 6,778 250 1.425 4 500 1.35 7 
TABLE III. 
Actual percentage 
v Roadbed for nereased quan- 
Fill Ht. setting usedin Cubic Nominal shrin titles over a 16-ft. 
in ft. Slopes. stakes. X sect. yards. 5%—Fig. 2 cu. yds. roadbed 1 on 1.5. 
10 1.6—1 16 17.5 1,185 30 + 8] = @ 6% 
20 Berets ps 10 3,555 118 + 148 = 266 8% 
hveaks chs 20.5 7,111 266 log ris 2 9% 
10 1.71 16 19 1,222 63+ 14 = 187 12% 
20 each ¥ 3,708 252 + 26 = 548 
30 ashen ws 25 7,444 566 + 666 = 1,282 18% 
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FIG. 3. DETAILS OF REINFORCED-CONCRETE BEAMS TESTED AT 
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SWARTHMORE COLLEGE. 


The welding of the clamps to the bottom bar 
accomplishes two purposes. First, it permits the 
bar to be shipped flat with absolute certainty as 
to the location of shear members when the ends 
are bent upward in the field; second, the clamps 
furnish a strong mechanical bond between th« 
concrete and the steel. With the present devel- 
opment of electric and acetylene welding, the 
clamps can very readily be welded to the longi- 
tudinal bar. 


> 





THE LEAK IN THE WELLAND CANAL noted in 
our issue of July 29, p. 131, was not as serious as 
there reported. A small but dangerous leak opened 
up through one of the banks and necessitated the draw- 
ing out of the adjacent level for two days. An ambi- 
tious reporter magnified this into the phrase “Banks on 
both sides of the canal were washed away for a con- 
siderable distance."’ 
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Ratings of a Pitot Tube.* 

13 By E. C. MURPHY,t M. Am. Soc. C. E. 
ad Velocity measuring tubes, although having 
points of various shapes, are generally called 
“Pitot” tubes, after the name of the man who, 
with one of his own invention, first successfully 
measured velocity below the surface of a stream 
of water. Their action depends on the well-known 
law of hydraulics that velocity is proportional to 
the square root of the head which it produces. 

This instrument consists essentially of two 
; tubes, one terminating in an orifice pointed up- 
stream, so as to receive the impulse of the water, 
the other with an orifice either pointed at right 
angles to!the direction of the current to indicate 
static head, or pointed down-stream so as to indi- 
cate negative impulses or suction. For conveni- 
ence in reading the height of the columns, glass 
tubes are connected to these tubes, between which 
is a reading scale, and the air over the columns 
of water is partly exhausted to bring the top of 
each column in a suitable place. A valve is 
placed in each pipe with a common closing lever 
for holding the columns stationary while being 
read. A mirror back of the scale enables the 
eye to be properly placed to read the scale. If 
the scale is placed in an inclined‘ position. the 
column difference is lengthened and the error in 
af reading reduced. 
i. The tube whose ratings are here discussed is 
5 used in the U. S. Geological Survey debris-inves- 
f tigation laboratory for the measurement of the 
' velocity of small, shallow, open-channel streams. 
It is called Tube No. 3, and is illustrated by Figs. 
1, 2 and 3. It is a development of Tube No. 1, 
shown in Fig. 1. The small sizes of sand carried 
by the water clogged the impulse opening of No. 
1 and the air creeping down the back of it en- 
tered the suction opening at the higher velocities. 
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*Data used with permission of Director and Chief Hy- 
drographer of the U. 8. Geological Survey. 
. +Engineer, U. 8S. Geological Survey, 38 Cariton St., 
“Ni Berkeley, Cal. 
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FIG. 2. VIEW OF PITOT TUBE, U. S. GEOLOG! CAL SURVEY DEBRIS 
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Fig. 1. Pitot Tubes Nos. 1 and 3, U. S. Geological 
Survey Debris Investigation Laboratory, Berk- 
eley, Cal. 
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— 
The water in the rear of No. 3 will stan air ., 
inch or more higher than in front, ins: .4 of a 
depression forming in the rear, as was Case 
with No. 1. The construction of these pes ;, 
shown in Figs. 1 and 2, so that descripti. js y),. 
necessary. 

Tube No. 3 has been rated five times, fo »; times 
in still and once in moving water. The column 
difference for each half foot of velocity 1» thos. 
ratings is given in Table I. : 
TABLE L—VELOCITY AND eeun piri ENCE 

_FOR RATINGS OF TUBE b @ : 
Rated in trough; ‘ae 
point near 
Velocity, Rated in 6 ss = 
sec. ft. reservoir Bottom* depth ie 90 ater 
1.5 1.45 1.44 1.3 1.25 55 
2.0 2.48 2.67 2. 30 2.25 2.85 
2.5 3.95 4.12 3.90 3.48 1.50 
3.0 5.75 5.80 5.53 4.95 6.35 
3.5 7.90 7.73 7.43 6.71 8.30 
4.0 7 35 9.96 9.63 8.80 . 
4.5 12.55 12.15 11.28 
5.0 i590 oss wees cies 


‘ a seale has an inclination of 2.5 hori 
vert: 

* abepth | water, 0.45 ft. Point of tube held 0.02 {:. above 
wen water, 0.45 ft. Point of tube held 0.25 £ above 

“Depth water, 0.44 ft. Point of tube held 0.0% ft. be. 
low surface. 

Rating 1 was made at the U. S. Geologica! Sur- 
vey rating station at Los Angeles, in a receryoir. 
The point of the tube was 6 to 8 ins. below the 
surface and more than 10 ft. from the bottom 
and sides of the reservoir. Ratings 2 to 5 were 
made in the experiment trough shown in Fig. 3, 
which is 2 ft. wide and 150 ft. long; 80 ft. of 
length was used for this purpose. The tube was 
fastened to a car which was moved by hand on 
the top of this trough. Rating 5 was made ina 
trough 1 ft. in width and the tube was held at 
from 21 to 35 places in the cross-section of meas- 
urement in each experiment. 

THE RESERVOIR RATING.—The velocity and 
corresponding column difference (the sum of the 
impulse and suction heads) are plotted in Fig. 4. 





INVESTIGATION LABORATORY, BERKELEY, CAL. 





FIG. 3 TROUGH FOR TESTING PITOT TUBE NO. 3, BERKELEY, CAL. 
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~ . is figure th locity laid up, and when ready for test were kept up 
~ he curve of th re ie ve corre- 4 > erra-Cotta 2 , ; ear €s . - 
From +. h inch of column difference was Crushing Tests of Brick and Te Piers right while being transported to the machine. 
i “ad the coefficient O in the equation v= at Illinois Engineering Experiment Station. The room temperature during storage was 55 to 
taken # od td ¢ . . 
C computed, (V = velocity in ft. per sec.) The Illinois Engineering Experiment Station ~ F., and the mortar was permitted to dry out 
_... aeceleration of gravity in ft. per square recently made a series of compressive tests on reely. Z 
= and I ig the difference of the column piers of brick and terra-cotta. While small in Fourteen columns were tested at 2 montha, and 
ad ; in inches, the scale having an inclina~ number, they are specially interesting because two at 6 months. : 
= > 5 horizontal to 1 vertical. The value of care was taken to vary the several ible fac- The tests were made in the 300-ton vertical 
a vanes from .156 to .159, the mean being .157 tors of strength, so as to get definite information sang Riehlé machine of the University of Illi- 
oe clocktien Saul 1:98 to BOO ft; When the col- as to the influence of these factor. They are nols laboratory. This machine has side posts 
<a aifference is expressed in feet, C = .544; reported in full in a pamphlet of the Station which prace the top head laterally, so that in 
whe expen in feet of vertical height, C = Bulletin No. 27) by Prof. A. N. Talbot and Mr. C°™Ppression tests the top of the test-piece ts 


a9; and when expressed in vertical height for 
athe impact or suction singly (Fig. 5), OC = 1.26. 

‘INGS IN SHALLOW, STILL WATER.—A 
7 - of ratings 2—4 shows that there is a graa- 
ual yecrease in the column difference “‘l’” for any 
velocity of the tube as the point of the tube is 
moved upward from the bottom. For example, 
when the velocity is 3 ft. per sec., “l’ is 5.80 ins. 
when the tube point is held near the bottom, 5.53 
ns. when held near mid depth, and 4.95 ins. when 
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FIGS. 4 AND 5. RATING CURVES 


held near the surface. The value of C for this 
tube depends on the distance of the point from 
the trough bottom. 

RATINGS IN MOVING WATER.—The data 
obtained from this rating are condensed in Table 
II. 

TABLE IL—RATINGS OF TUBE NO. 3 IN MOVING 


WATER. TROUGH WIDTH, 1 FT. 
Mean velocity, 


°o 





& a merino, 
Depth aoe ence, “—- Tabet Vm. 


water, ft. sec. ins. (@) m in %. 
.288 -923 A 1 6.0 
246 784 6.34 2.98 1 1.7 
.198 545 5.72 2.75 10.9 
-154 363 4.14 2.35 2o8 9.3 
870 -T34 2.65 1.98 2.04 3.0 
418 .T34 2.19 1.75 1.86 5.1 
605 923 1.58 1.53 1.57 2.6 


) — scale has an inclination of 2.5 horizontal 
to 1 ve 
or Computed from rating with tube point at mid 
lepth. 


The velocity as found from the tube rated in 
still water is seen to be from 2.6% to 10.9% 
greater than that computed from discharge and 
cross-section, and this difference increases as the 
depth decreases. In other words, the velocity as 
found by this tube from the still water rating is 
from 2.6% to 10.9% greater than found from the 
moving-water rating. 

The following important conclusion may be 
drawn from these ratings: Pitot tubes should be 
rated in moving water, and the range of depth of 
water used in the rating should be about the 
Same as that to be measured. 


THE COST OF CONTACT BEDS AND PERCOLATING 
filters, at Sutton, Surrey, is compared as follows in 
& paper by Mr. C, Chambers-Smith, Engineer and Sur- 
veyor to the Urban District Council, read at a meeting 
of the Associations of Managers of Sewage Disposa 
Works, at Sutton, in June, 1909: 
. wit be seen that the 
reolat{ filt much superior 
double contest bet while the : 
re latter pe deg out at } 
Ss are charged twice is 
foe ought down to a Saneart of 1 
- f.. _ Construction of contact beds 
eae Ry TE CT POR 
Cont construction of percolating dick’ pas 1,000. 
a re elon pt pen Tine temic 
The eluent from the the percolating filter has been con- 
Unuou'y of uniform character. 
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D. A. Abrams, from which we abstract the fol- 
lowing summary. 


Brick Columns. 


Sixteen columns were tested. Two of these 
were built of a soft, underburned brick, poorer 
than would ordinarily be used in building, while 
the other 14 were all of a uniform grade of se- 
lected hard brick. It happens that the hard 
bricks were made of shale and the soft ones of 
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Fig. 5. 
FOR PITOT TUBE IN RESERVOIR. 


clay, but it is not claimed that their differences 
in quality are due to the material; the degree of 
burning is alone responsible. 

The size of the bricks averaged: 

Hard bricks: 2.35 x 3.95 x 8.25 ins. 

Soft bricks: 2.40 x 4.05 x 8.20 ins. 

Their crushing strengths, tested flatwise, 
bedded in plaster of paris, averaged 10,700 and 
3,900 Ibs. per sq. in. respectively. Tested in 
cross-breaking edgewise, 6-in. span, the average 
modulus of rupture was in about the same ratio 
for the two kinds, i. e., 1,670 Ibs. per sq. in. for 
the hard brick and 480 Ibs. for the soft brick. 

The bricks were laid up in square piers or col- 
umns 1% brick square (about 12% x 12% ins) 
and about 10 ft. high, with a 1%-in. cast-iron 
plate at bottom and top. The soft brick were 
plunged in water a few minutes before laying. 
An experienced bricklayer hired from a local 
contractor laid up the columns. His workman- 
ship is described as average, but it appears that 
the vertical joints were filled thoroughly. At 
any rate, under special instructions, two of the 
columns were laid up more hurriedly, with “less 
care in making horizontal joints and in filling 
the vertical joints.” These were built in a 
fourth less time than the others, and actually 
they proved to be weaker in the tests. 

The columns were left in vertical position as 


held against deflecting sidewise. It was there 
fore possible to make satisfactory tests under 
eccentric loads. 

For central loading, a spherical head was used. 
For eccentric loading (l-in. eccentricity), a %4-In. 
square steel bar was placed between the cast- 
iron bearing plate and the machine head on the 
line of loading. 

Longitudinal compression was measured on a 
length of 100 ins., on two opposite sides of the 
column, 


RESULTS.—The features of the individual tests 
of brick columns and the results, are given in 
Table I. herewith. These results are classified 
as to characteristics of the test-pieces in the 
following summary: 


TABLE II.—SUMMARY OF BRICK COLUMN TESTS. 


All columns 12% x 12% Ins. nominal, about 10 ft. long 
Tested at the age of 63 to 69 days, except where noted. 


Ultimate crushing strength 

"ect a _ —— A —___——_—__—_—,, 
Ratio 

to strength of 

Lbs. Ratio to——-———_--—_, 

per first of Single Mortar 

sq. in. series. brick. cubes. 


Column Characteristics. 
(Mortar, Age, Loading, 
Workmanship, Kind of 


Brick.) 

a Portland, well laid (3 
Di ce Fakes Cdcneseceus od 3,365 St’'d 0.31 1.17 

1 3 Portiand, hurriedly laid 


CP SE Ei Was cca uc cosbicss 2,920 087 0.27 1.05 
1:3 Portland, siz months* (2 

CONG ss eh etike ccacceceséce 3,950 1.18 0.37 
1:3 Portland, eccentric load- 

aaa 2,800 0.83 0.26 
1:3 Portland, soft brick (2 

CORN 6a c nbidccd 6c ve coesuves 1,060 0.31 06.27 O37 
1:5 Portland (2 tests)....... 2,225 0.66 0.21 1.30 
1:3 Natural (1 test)........ 1750 052 0.16 5.75 
1:2 Lime (2 tests).......... 1,450 043 0.14... 





*One of these two columns did not fail at maximum 
capacity of machine but failed at 7th repetition of this 
load, = 4,110 Ibs. per sq. in. 

It appears, therefore, that brickwork gains 
strength by (1) stronger brick, (2) stronger mor- 
tar, (3) age (in case of Portland cement), and 
(4) careful work on the part of the bricklayer. 

The one test under repeated loading also ex- 
hibits the well-known fact that if a load near the 
ultimate strength is repeated several times, the 
test-piece, becoming weaker at each repetition, 
finally fails under the same (or lower) load that 
it previously carried without apparent distress. 

These results are nothing more than would be 
expected. A new result of some interest, how- 
ever, is contained in the last two columns of the 
summary, where are given the ratios of pier 
strength to strength of brick and mortar re 
spectively. There is no regularity about these 
ratios, i. e., neither the brick strength nor the 
mortar strength fixes the strength of pier. The 
best conclusion is that the mortar (which is al- 
ways much weaker than the brick) has a greater 








TABLE I.—TESTS OF BRICK conNLoed 


rz 
Column characteristics. Test, 
A.—Hard-burned shale brick. Mortar. or 
Well laid, central load...............- 1:3 Port. 
Well laid, central load................ a 68 
Well laid, central load................ - 65 
Well laid, central load................ hed 181 
Well laid, central load................ ” 181 
Hurriedly’ laid, centrel load.........:. *? 69 
Sere laid, central load........... @ 
Well laid, eccentric load (1 in. ecc.). — 69 
Well laid, eccentric load............... ” 67 
Well laid, central load.............++% 1:5 Port. 6 
Well laid, central load..... ini a a iin nied - 65 
Well laid, central load................ 1:3 Nat. 66 
Well laid, central load................ 1:2 Lime. 67 
Well laid, central load............+.+- “2 66 
B.—Underburned clay_brick. 
Well Bit central 10Ad. ve se2se- sees ees 1:3 Port. 63 
Weil laid, central cwitpete cdeceqeen = 62 
Note.—All columns Ay nominal section 12% 


Lengths varied from ins. to 10 ft. 
of mortar a varied ? srom 6.80 30 to 6.46 in. 
*Repeated load. Broke en seventh, sepetition. 


> 
i 


. ratio 


Ultimate load. which Initial 
——*———_ sound modulus of 
= Lbs. per was eee. De. 


sq. in. heard. per.sq.in. Manner of Failure. 
507,000 3.220 0. 4,350, Split top to bottom. 
557,000 3,510 0.60 5,450,000 Collapsed suddenly. - 
527,000 3,370 0.50 4,550,000 Collapsed suddenly. 
601,000. 3,790 0.75 4,700,000 Collapsed suddenly. 
651,000* S500". ..... 5,350,000 pa od half shattered. 
454,000 2,860 0.66 3,550,000 la suddenly. 
462,000 2980 0.65 3,500,000 Middle thrown out. 
427,000 2,720 0.71 4,100,000 Split near 4 
452,000 2,380 0.52 4,700,000 Split, middle tir’n out 
350,000 2,190 0.57 3,500,000 Split bottom to top. 
358,000 2,260 0.46 3,000,000 Split and collapsed 
277,000 1,750 0.40 800,000 Spalied at joints. 
216,000 1,360 0.38 101,000 Spalied. Joints crushed. 
248,000 1,540 0.48 107,000 Deflected to one side, 

spalied and crushed 
on opp. side. 
166,000 1,030 0.91 435,000 Collapsed. 
177,000 1,000 0.62 430,000 
ins.; actual sections varied from 155.0 to 161.9 sq. ins. 
ber of courses varied from 40 to 43. Average thickness 
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influence on the strength of the brickwork than 
does the crushing strength of the brick itself. 

The piers nearly all cracked longitudinally be~ 
fore failure, and the failure was a direct con- 
sequence of this splitting. The cracks followed 
down through one of the two lines of vertical 
joints, the crack going straight through joint 
and solid brick. The first evidence of cracking 
was “a faint popping sound which seemed to 
proceed from the interior of the column.” At 
higher stages of loading louder sounds were 
heard; the visible cracks appeared only shortly 
before the maximum load, when the mortar also 
began to spall off at the corners. 

The cracks generally were confined to the upper 
part of;the pier. The mortar in the lower part 
was stronger because it had set under the load 
of the superincumbent brickwork, and this may 
account for the localization of the cracks, al- 
though the mortar in the vertical joints was 
probably not affected by this strengthening 
action, 


Watertown Brick Columns. 

The Illinois piers, while they make an excel- 
lent showing, are not as strong as can be built, 
however. Higher strengths were reported some 
time ago by Mr. J. E. Howard from the Water- 
town Arsenal test records. He selected from a 
large number of brick-pier tests those showing 
strengths over 3,000 Ibs. per sq. in. (15 different 
tests). Grouping these according to kind and 
age of mortar, they yield the following sum- 
mary. 


TABLE IIlI.—HIGH-STRENGTH BRICK PIERS FROM 
WATERTOWN TESTS. 

All piers 12 x 12 ins. nominal, 8 ft, high. Bricks from 
different makers used, but each pier contained only one 
make of brick. All piers laid up in Portland cement 
mortar. 

Modulus of 

Ulti- _— elasticity, 
mate  betw. loads 
strength, of 600 and 


Columa characteristics. Ibs. per 1,000 Ibs. 
(Morter, age.) sq. in. per sq. in. 

Neat cement, 2—7 days (4 tests).... 4,520 3,720,000 
Neat cement, 1—6 months (6 tests).. 4,460 3,233,000 
1:2 cement, 2% months (1 test)..... 8,775 2,780,000 
1:3 cement, 6 months (1 test)...... 8,440 1,923,000 


1:5 cement, 8—9 months (3 tests).. 3,245 2,430,000 


The strongest pier of this series was one laid 
up with neat cement and tested at 7 days, which 
gave a strength of 5,600 Ibs. per sq. in. The 
series also shows that, broadly speaking, the 
strongest piers have the highest modulus of 
elasticity. The highest in the list, 5,128,000, be- 
longs to a pier which had a strength of 5,000 
Ibs. per sq. in.; the next, 4,444,000, belongs to 
the strongest pier of the series, with 5,600 Ibs. 
ultimate strength. 

It appears that the above Watertown results 
do not exhibit any such marked differences as 
Prof. Talbot's tests. But this is doubtless 
primarily due to the care taken by Prof. Talbot 


‘to keep all factors constant except those which 


were specifically varied. 


Terra-Cotta Columns. 

Sixteen columns were tested. Their size 
varied from 8% x 8% to 17% x 17%. The blocks 
themselves were 4 x 8% ins. by 8 ins. high, with 
three longitudinal holes, two 1% x 1% ins. and 
one % X 1% ins. The blocks are assumed to 
have been a picked lot. They were all from 
one maker, but came in two shipments, which 








showed slight differences of: shape whose in- 
fluence was seen in the results. The blocks of 
the first shipment had markedly concave end- 
faces, while those of the second lot had nearly 
flat ends. The former gave lower results both 
in the single block tests and in the column 
tests. 

The endwise crushing strength of single blocks 
averaged 3,472 Ibs. per sq. in. (gross area) for 
the first shipment, and 5,170 Ibs. per sq. in. for 
the second shipment. Tested in flexure on end, 
span 7 to 8 ins., load at center, the modulus of 
rupture computed for the net section averaged 
1,620 Ibs. per sq. in. 

The columns built with blocks of the first 
shipment (Cols. 1-7) were laid up by a work- 
man sent by the company which furnished the 
blocks. The nine columns of the second ship- 
ment were built by the bricklayer who built all the 
brick columns, a man who had had no experience 
in terra-cotta. No attempt was made to fill 
the holes in the blocks with mortar. Three col- 


- umnms were built under special instructions to 


hurry, so as to get a sample of poorer work- 
manship than the average, as was done with 
the brick columns, 

The columns were all tested when about two 
months old. Three of them were tested with 
eccentric loading. Three columns did not fail 
at the maximum load which the machine can 
apply, and on two of these the full load was re- 
peated several times without producing failure. 

RESULTS.—The tests and their results are de- 
scribed in Table IV. herewith. From this the 
following averages have been obtained (Table 
V.), showing the effect of the variations in size, 
mortar, loading, etc. The summary includes the 
entire first series (concave-end blocks) as a single 
item; for, while the cross-section was varied in 
the first series from 8% ins. square to 17% ins. 
square, no effect of this can be detected. 


TABLE V.—SUMMARY OF TERRA-COTTA COLUMN 
TESTS. 

(All columns 12% x 12% ins. tiominal, about 9% ft. long. 
Made from blocks of second shipment except where 
noted ‘‘concave-end blocks.’’ All tested at 2 months.) 

Ultimate crushing strength 
; 


Ratio 
Column Characteristics. to strength of 
(Mortar, Loading, Work- Lbs. Ratio to-———-—~—-—,, 
manship, kind < of blocks.) per first of Single Mortar 
Sq. in. series. block. cubes. 
eek Fas swariery well laid (2 





CMD: Wisc kaseedepasedcins ce 4,300; St'd 0.83 1.26 
1: 3 Portland, hurriedly laid Si 
(9 COMER Sie eaee ddessoesaes 3,305 0.76 0.64 1.05 
1:3 Portland, eccentric load- 
ing well laid qa test) cake 3,470 0.81 0.65 1.12 
1:3 Portland, hurriedly laid 
(1 seat eae Pah arp oe 3,110 0.75 0.60 1.06 
1:3 eC” underburned 
blocks® (1 test)...........+ 3,050 0.71 0.59 0.88 
1:5 Portland (2 tests)....... 3,350 0.78 065 .... 
Concave-end blocks 1:2 Port- 
Band  .tOBtH) ciccn cs cocccs 2,970 0.69 O86. .... 





*Blocks from second shipment, all of which were of 
good quality. Enough blocks that appeared somewhat 
underburned or otherwise inferior were selected to make 
up one column. 

+Estimated. 

The general showing of this summary is the 
same as that of the brick column tests. That is 
to say, distinct weakening is shown to result 
from poor quality of blocks, leaner mortar, ec- 
centric loading and careless workmanship. 

Special attention is due the results of the con- 
cave-end block columns compared with the flat- 








TABLE IV.—TESTS OF TERRA-COTTA COLUMNS. 
. (All columns tested at age of 63 to 69 days.) 


Nominal 


Column Characteristics. ins. 


Ultimate Load Initial | 
—-———-— modulus of 

Length, Total Ibs. per elasticity, 
ft. & ins. Mortar. > Ibs. sq. in. per sq. in. 


A.—Blocks of First Shipment (concave ends). Tested January, 1907 





Well laid, central load 8% x 12— 6 1:2 Port, 219,000 3,030 2,170,000 
Well laid, central load... st x 0 12— 6% . 200,000 2,740 1,910,000 
Well laid, central load... 8% x 18 11—11 334 300,000 2,700 wens 
Well laid, central load... 8% x.13 11—10% g: 388,100 3,440 2,150,000 
Well laid, central load... 18 x18 12— 7% * 543,400 k 2,040,000 
Well laid, central load... 18 . 18 12— 7 3 458,000 2,710 2,700,000 
Well laid, ountral loa “ ae ss 17 x 1% ie 5 12— 7% wins = +607,700  +1,980 2,200,000 
B.—Blocks of Secon pment (flat ends ‘es anuary, 5 

Well laid, central load......:.......-.. 12% x 12% 9— 9 1:3 Port 7606,000 730 2,780,000 
Well laid, central load...............0: 12% x 12 9— 9 - 916.000 190 2,750,000 
Well laid, eccentric loed............... 12% x 12% 99 000 3,470 2,330,000 
Hurriedly laid, central load.........-.. 124% x 12% 9— 9 “1 538, 2,860,000 
Hurriedly laid. eccentric load.......... 12% x 12% oN 9 501,000 3,110 2,500,000 
Hurrtedly laid, central load............ x 12 9-9 ‘ 534, 3,200,000 
Well laid, inferior blocks,* central load. 12% x 12 9— 9% 500,000 Peo 

Well laid, central load.............000% 12% x 12 9—10 1:5 Port. 526,000 3. 2, 

Well laid, central load.............s008 12% x 12% 9—10 : 564,000 3,500 2,700,000 


*Enough underburned or yp gh — appearing blocks were selected to make up one test column. The 
ity. 


entire shipment, however, was of good qual 
TDid not fail. Set aside for future test. 





end block columns. Though the 
made with richer mortar, yet their Se 
30% less. The concavity of the ends oh 
dividual blocks doubtless subjects th: 
greater bending effect, because the }. 
sure would tend to concentrate a: 
points of the end faces. Also, the * 
these points would be subjected 1, . 
the average pressure. This would 
weaken the pier, but so great a w. 
+U% is rather unexpected. The im, 
getting blocks with good square ends 
The phenomena of failure of the 
columns were similar to those observe.) 
brick columns, except that the “poppi: 
occurred only shortly before the maxi 
Very soon after these sounds were he» 
tudinal cracks appeared, or else th 
spalled at the ends of the joints. A gs) 
afterward the column failed very sudd: 


ind 
generally smashed up quite thorough|y 





TUNNELS BENEATH TWIN PEAKS, San 
are proposed for affording quick access to and 
the development of a large area comprising so; 
mi., or about a quarter of the whole ar San 
Francisco, These peaks are about 900 f: und 
bar ready access to residence sites in a hilly \ 
area, sheltered from the ocean winds. Plan 
tunnel, which would begin about Castro s i 
some 7,700 ft. in length, have been made by Mr. Hi 
Campbell, Engineer for the Merchants’ Associatio 
San Francisco, according to the ‘Review 
organization for July, 1909. 


4 
> 





THE CONDITION OF CREOSOTED PILES 


old is reported in a letter by Mr. G. E. Verrill U. § 
Assistant Engineer, reprinted in Professional Memoirs 
Engineer Bureau, U. S. Army, v. 1, No. 3, July-Sept., 
1909. The piles in question are in sea-water and are 


a part of the Sandy Point Dike across Fore Hale Bar 
near New Haven, Conn. They were treated by the 
Full Cell Process of creosoting with dead oil of coal tar 
and driven from 1883 to 1886. Mr. Verrill’s letter says 


Originally the plan called for two rows of creosoted 
piling, 8 ft. apart, filled in with stone. The outer por 
tions of the shore-arm, 846 ft. long and 254 ft. at the 
north end of, the channel- -arm, were built of the cre 
soted poise. ° The piles composing the shore-arm vary 
from ins. to about 9 ins. in diameter at the exposed 
end, while those on the channel-arm seem to run some 
what larger (from about 8 to 10 ins. in diameter) and 
were apparently better piles in the beginning. Al! of 
the piles are driven quite close together, but not as a 


rule in absolute contact. Generally speaking, the con- 
dition of the piles is good, particularly those in the 
channel-arm, most of these being in remarkably good 
condition, so that not over 5% in this portion of the 


dike are seriously impaired, and many are apparently 
in as good condition as when they were first driven. 
In the shore-arm the conditions are not as good, al- 
though the ter number of the piles are apparently 
perfectly sound and good, but there are a number that 
are in very bad condition, and some which are practi- 
eally entirely destroyed. By actual count, starting at 
the inshore end of the shore-arm and working out, out 
of 532 piles, taken as they came, 400 were in good or 
very fair condition, and 132, about 25%, were in poor 
or, in many cases, very bad condition. It was noticed 
that as a rule the Bet which had deteriorated occurred 
in bunches, so that there might be three, four, or even 
eight or ten, one after another, all of which were in 
bad condition, and then there might be 50 or 60 which 


were all in Bags condition. No reason could be dis- 
covered for this, —, os apparently the piles which 
had deteriorated in cases show the creosoting 


y, but in a ee pat no gigrcey could Me > 
of it, and probably some of the worst of the 
piles were ogg Baboon § at all. As a rule the de- 
terioration is apparently entirely due to rotting, and 
ag apparently begins at the top of the pile 
middie’ — works down, frequently leaving an 
uter an which averages about an inch in thickness. 
which is still sound oo of course, this shell is 
as a rule split from down. Apparently if the 
ile ‘lg: Bice protected no de- 

ration would have ig place. 


see 
ge 


Very few instances of teredo attack were observed, and 
these were where the a had evidently begun io de- 
teriorate from rot before teredo began. As stated above, 


the piles on the spanneberss were in much better con- 
dition than n the shore arm, very few, indeed, 
being in bad sendin: _ none Eo them entirely use- 
less. The waling pieces van i sides of the dike 
have for the most part enti disappeared, but this 
is rently due to the roning off of the iron bolts 
wh held them in place, a Fags ied | ey is of te 
il dye age portions Wailing piec A 

ther were =", fair condition, except from — 
due ppoatantk te the action of the ice, waves 

for the top portions were badly slivered, but the wood 
itself was gt mnt free from rot and teredo attack. 
The wooden cross-ties were not in as g good condition as 
the waling pieces, but most of them were still present 
and as a rule not in very bad condition, considering 
the length of time they have been in lace. That por- 
fon 


: 


at 


the dike which is actually under water * low 
ig Ay a ne 

the P! erc 
dition than the 


stood remarkably 
well, for the slic nad, the piles being 
alternately covered at every Aigh tide and exposed st 
lew. tide. * 
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Every engineer in any way interested in water 
distribution problems (and pretty much all 
branches of the profession have to meet these 
problems in one form or another) should give 
heed to the paper by Mr. Rudolph Hering in this 
issue on the economical layout of water-main 
systems. The problem discussed may seem a 
simple one; but it is one on which not a few 
engineers have been misled. The idea that a 
large main carried all around the borders of a 
city or a town ensures the best possible protec- 
tion from fire to everything inside has an attrac- 
tive sound and has misled many men whose 
mathematical ability and _ scientific training 
should have enabled them to discern the fallacy. 
Mr. Hering shows that for true economy the 
principle to follow is to lay your largest mains in 
the most direct course to the point of maximum 
probable demand. Just as soon as you depart 
from this principle you are adding to the length 
of your main and its.cost without corresponding 
benefit. 

The problem is not merely one of economy, for 
with a given amount of money to be spent, an 
ampler water supply and better fire protection 
Can be secured by laying the main straight to 
the point where it ts needed than by laying it in 
any circuitous course, no matter how specious an 
argument may be offered for the detour. 


we 
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For a number of months we have reported 
regularly the monthly excavation on the Panama 
Canal, classifying this excavation according to 
the three divisions on the line with a sub- 
Classification under the method of removal, 
whether by hand, steam-shovel or dredge. As 
the record has progressed, however, it has be- 
come necessary for the administration to change 
ts method of record-keeping so that now the 
classitications are quite different from _ those 
which we have published, and their further re- 
cording would only tend to confuse those engi- 
heers who are interested in the progress of con- 
struon and who have watched these monthly 





a - for an indication of this progress. In the 
a, then, we will not attempt to give this 
etailed 


excavation-account, but will content 


ourselves with a general record of work accom- 
plished. 

It is probable, though not certain, that the 
day of maximum excavation on the Isthmus has 
been passed. All along the line of the canal, 
levels have been reached where masonry con- 
struction can commence, so that the opportuni- 
ties for record steam-shovel and dredge work 
are not so frequent as in the earlier stages. 
For that reason, records of excavation are not 
so indicative of progress as they have been nor 
are they very valuable as a gage to estimate 
the probable date of the canal opening. In 
future, then, the amount of work yet to be done 
on the Panama Canal would best be given out 
in percentages, figured out by the administration 
from the multifold reports sent in by various 
subordinates, in just such a manner as the stage 
of progress on our battleships is now reported. 

For the benefit of those who still look toward 
figures for information, it may be well to give 
our own compilation of the excavation reports 
through June of the present year. Up to that 
time, there had been moved on the Isthmus by 
the American government 79,363,586 cu. yds. of 
material, 71,753,537 cu. yds. of which came from 
the canal prism proper, which, under the present 
estimate, leaves a total of about 95,000,000 cu. 
yds. yet to be excavated. In the first six months 
of 1909, the excavation totaled 19,382,599 cu. yds. 
for 151 working days, a daily average of 128,362 
cu. yds. This average was increased by the 
remarkably good work done in the dry weather 
last spring and has not been reached by 10,000 
cu, yds. in the last three months, when the rainy 
season has been on. The records of the last two 
months have dropped off from those of the cor- 
respondingly wet months of last year, but 
whether this is due to special conditions or to a 
general letting down in excavation remains to be 
seen. 
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Tests to determine the strength of rolled steel 
I-beams strike one as almost absurdly unneces- 
sary. Such an everyday element of construction 
as the I-beam, it would seem, must be thor- 
oughly well known as to strength and behavior; 
especially since designers have for years past 
employed the same working stress, 16,000 lbs. per 
sq. in., with no suspicion of a doubt as to its 
conservatism. 

It is a fair matter for surprise, then, that a 
prominent college laboratory should have thought 
it worth while to make careful bending tests of 
I-beams, such as are reported by Prof. Marburg 
in his paper abstracted elsewhere in this issue. 
Equally surprising is it that the results are of 
more than routine interest, and that in fact they 
command attention through some unpleasant dis- 
appointments in their showings as to the strength 
of these beams. 

We say unpleasant, because no doubt most of 
us have always had a silent conviction that an 
I-beam would develop practically the full strength 
of its material, i. e., would not fail until its ex- 
treme fibers were stressed approximately as high 
as the ultimate strength of the steel composing 
the beam. In this connection we have been in- 
clined to think vaguely of something like 55,000 
to 62,000 Ibs. per sq. in., and to credit our beams, 
when stressed to a 16,000-Ib. fiber-stress, with a 
safety-factor of 3% to 4. When we see from 
Prof. Marburg’s tests, however, that 15-in. I- 
beams averaged only 42,600 Ibs. per sq. in. in 
ultimate strength, while 24-in. I-beams showed 
only 34,000 Ibs. per sq. in., our tacit assumptions 
seem gravely over-optimistic, and our safety- 
factor drops to a figure between 2.0 and 2.7! 

There is further reason for concern, even appre- 
hension, in the low figures recorded by Prof. 
Marburg for the limit of perfectly elastic be- 
havior in these bending tests. The results here 
are as low as 20,000 to 26,000 Ibs. per sq. in. for 
the 15-in. and 24-in. beams, not to speak of the 
startlingly low average of 11,000 to 12,000 Ibs. 
for the 30-in. beams. If we are to figure our 
loadings on the basis of elastic limit, with a fair 
safety-margin, where does this bring us as to 
working stresses? 

On this last phase of the matter, it must be 
said, there is apt to be quite a difference of 


opinion, for, as we had occasion to discuss 
last week, the limit of proportional deformation 
is not accepted by all engineers as a gage of 
stresses or as a danger-point of the loading. But, 
conceding the full argument against attaching 
importance to the elastic limit, we still must ad 
mit that proper material should show strictly 
proportional deformation up to a much higher 
point; the material which gives the low results 
is not normal, or should not be considered nor- 
mal. In fact, some of the tension tests on strips 
cut from these test I-beams exhibited very low 
elastic limit without showing an abnormal yield- 
point, and it is not easy to escape the conclusion 
that these particular strips represented poor ma- 
terial, as compared with other strips whose elas- 
tic limit was up much nearer the yield-point. 

So important a subject as the strength of I- 
beams cannot, of course, be considered settled 
one way or the other by a very limited set of 
tests, made on beams coming from only one mill 
(presumably so, though Prof. Marburg does not 
say where the Standard I-beams were rolled). 
Another mill, with different rolls and different 
furnace-men, may produce beams of very dif- 
ferent strength-characteristics, even if similar in 
chemical constitution. We should therefore like 
to see fuller experimenting, with beams from 
different mills, before extending Prof. Marburg’s 
findings to rolled beams generally. In fact these 
tests make further tests seem quite necessary, if 
only to reassure. 

But we almost forget the original purpose of 
Prof. Marburg’s experiments, which was: to show 
whether wide-flange beams rolled on the Grey 
universal beam-mill are more or less efficient 
than the ordinary I-beams, per unit of section 
modulus. In this particular, indeed, the results 
are just what would have been expected, namely, 
that the section modulus is as fully utilized in the 
one kind as in the other. Not only is this re- 
sult far from surprising, but we think it is rather 
unimportant. For, it does not argue generally 
against the standard sections or in favor of the 
wide-flange sections, inasmuch as the reduction 
of web-thickness, wherein the wide-flange beams 
get their advantage in section modulus, is not 
shown to be desirable. 

Be this as it may, however, the comparison be- 
tween standard and wide-flange beams which 
these tests furnish is clearly much less important 
than the showing of low strength in both kinds 
of beam. We therefore find here, as in many 
experimental researches, that the important re- 
sult is a byproduct, while the result sought by 
the tests turns out to be quite secondary. 
scoala lies ciegiahiti 

When laymen begin to teach health officers 
common sense there is hope for much-needed 
sanitary reforms. That such a lesson should be 
taught by a father who had just lost three 
children from diphtheria makes all the more re- 
markable the common sense of the layman and 
the apparent sanitary ignorance of the health 
officer. We give neither locality nor names, be- 
cause we have not verified the story. We give 
the story without verification because even if 
the particular incident be not exactly true 
plenty of others involving the same sort of 
errors are. This is the story: 

Three children in one family having died from 
diphtheria, alleged health officers are reported 
to have attributed the infection to a disused 
cement water main that had been converted into 
a sewer, and that extended across the premises 
on which the children died. The father of the 
children holds as the probable source of infec- 
tion a child in a near-by house who died of 
diphtheria shortly before his children were taken 
ill; and he adds that this house was not quaran- 
tined during the illness and not disinfected 
until some time after the child died. 

We record this incident because we feel it our 
duty to aid in bringing about a realization of 
the great need for more intelligent and efficient 
health officers; and also because almost any city 
engineer or superintendent of water-works or 
sewers is liable to be confronted with an asser- 
tion, if not from an health officer then from liay- 
men, that diphtheria or scarlet fever or what not 
has been caused in some such ridiculous man- 
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ner. Such popular ignorance must be dispelled, 
and the people, including many unworthy guar- 
dians of public health, must be taught what to 
fear as possible vehicles of infection. 
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We have, from time to time taken occasion to 
call the attention of our readers to many remark- 
able engineering and scientific achievements. 
These great advances have been quietly an- 
nounced for the most part, but none of them less 
so than a little invention, which has just come to 
our attention through a six-page circular, that 
defies the laws of the conservation of energy and 
the established theories of chemistry. For fear 
that some of our readers have missed seeing this 
circular, we reprint a few extracts: 





In the celebrated “Blank” furnace we have incorporated 
the “‘Blankette” attachment. The “‘Blank’’ furnace with 
the “‘Blankette”’ attachment is now, without doubt, the 
most efficient—the most economical—and the best all- 
round hot-air furnace on the market... . 

The Scientific Reason.—The ‘“Blankette’’ attachment 
consists of an annular ring which fits tightly around the 
sides or walls of the fire-burning apparatus, with sec- 
tional metal plates lined with fire-resisting material 
fitted to said annular ring. The plates have holes 
through them in the nature of gas burners, .. . 

The Attachment is heated to a degree which insures 
perfect combustion so that none of the gases can escape. 
Furthermore, the drafts of air coming continually up 
through the fire are deflected from the Attachment 
against the walls of the fire-pot and the fire itself, caus- 
ing the fire-pot and ash-pit to become a live radiating 
part of the furnace—and further causing the fire to burn 
for hours at a white heat practically using this air as a 
fuel. 

It is a well-known scientific fact that if hot oxygen or 
air is poured upon a mass of glowing carbon, the carbon 
is held at a white heat for hours at a time and the 
air itself is consumed and given off as heat. By these 
well-known principles, 

The “Blankette”’ 

First—Consumes all the gas (otherwise wasted). 

Second—Keeps the heat in a fire-burning apparatus 
down where it belongs... . 

Third—Burns air as a fuel. 

It is certainly remarkable that this “well 
known scientific fact” has not been utilized be- 
fore. 

Tt will doubtless surprise many people outside 
of Pennsylvania to know that in 21 of the 67 
counties of that state there are still in existence 
in this Twentieth Century toll roads 718 miles in 
extent, owned by 107 different companies. Less 
surprising, in view of the fact stated, is the re- 
cent appointment of a Toll Road Commission to 
investigate ways and means for abolishing these 
relics of the past. 

Of course, Pennsylvania is a state of large 
area, and one in which there are thousands of 
miles of roads through sparsely settled districts. 
Nevertheless, it seems hard to account for the 
continued existence of toll gates and toll roads 
in such numbers. Nor are we sure that all these 
are located in the little-populated rural sections 
of Pennsylvania. Only a few years age we had 
occasion to comment on the abolition or proposed 
abolition of toll roads located, if we remember 
rightly, within the city limits of Philadelphia. 
Such obstacles to the free movement of persons 
and goods should certainly be done away with as 
rapidly as possible in any part of the country. 
We understand that the movement for the aboli- 
tion of toll roads in Pennsylvania has been 
prompted or accelerated by the work now under 
way or proposed for improvement of the main 
highways of the state. 

To the record of data on the timeworn subject 
of small country highway-bridges we add the 
following news report on a bridge which was 
broken down by a steam threshing outfit: 

It is a county bridge. It was remodeled only a couple 
of years ago and was considered strong enough to bear 
the weight of a traction engine. That such a mishap 
should have occurred is a matter of great surprise to 
the county commissioners, who were informed of what 
had happened early Saturday afternoon. 

The commissioners evidently were grossly de- 
ceived at the time they “remodeled” this struc- 
ture. We hazard the guess that the person who 
built the bridge assured the commissioners that 
it would safely bear any load that could come on 
it. 














Nine Years of Water-Rate Litigation at 
Oakland, Cal. 


The folly of making the water rates of a city 
subject to compulsory annual fixing by local 
municipal authorities was discussed in our issue 
of May 27, 1909, in connection with some com- 
ments relating to a court decision in an injunc- 
tion case affecting the water rates of San Fran- 
cisco. A fresh illustration of how annual rate- 
fixing fails to meet the objects intended is 
afforded by a decision of the California State 
Supreme Court relating to water rates estab- 
lished by the City Council of Oakland in 1900. 
The water-rate ordinance in question was passed 
early in the year 1900, and purported to fix the 
rates to be charged during the fiscal year be- 
ginning July 1, 1900. The rate ordinance was 
promptly taken into the courts, and, though the 
decision declaring the rates unreasonable was 
secured in one of the lower state courts in 1901, 
the case dragged on and final decision by the 
State Supreme Court was not reached until a 
few weeks ago. The judge in the lower court 
decided that the company was entitled to an 
income on a property valuation of $7,000,000, 
which was substantially what the engineers 
brought forward by the company claimed the 
works were worth. The engineers for the city 
valued the works at about $3,000,000. The Su- 
preme Court decides that the higher valuation 
was not warranted by the evidence. Appar- 
ently, the case is to go back to the lower court 
for a new trial, thus leaving the rates for the 
fiscal year 1900-01 still unsettled. 

The water rates legally chargeable by the com- 
pany supplying San Francisco for the past half- 
dozen years or so, with the exception of one year 
only, are all in the courts and have been the 
subject of an immense amount of testimony and 
proportionately voluminous legal briefs and argu- 
ments. As an illustration of the growing com- 
plexity and long delays incident to the San Fran- 
cisco litigation it may be noted that in a recent 
argument on final hearing on the disputed rates 
of the earlier years, quotations were made from 
a decision rendered this year in a suit for pre- 
liminary injunction on the rates for 1908-09. 

We have referred heretofore in general terms 
to the cause for this seemingly endless litigation 
over the water rates of San Francisco and Oak- 
land. It seems worth while to put on record, 
for the convenience of our readers, the particular 
clause of the State Constitution of California 
which has given rise to so much controversy. 
This (Article XIV., Section 1) is as follows: 

The use of all water now appropriated, or that may 
hereafter be appropriated for sale, rental, or distribu- 
tion, is hereby declared to be a public use, and subject 
to the regulation and control of the state, in the manner 
to be prescribed by law; provided, that the rates or 
compensation to be collected by any person, company or 
corporation in this state for the use of water supplied 
to any city and county, or city or town, or the inhabi- 
tants thereof, shall be fixed, annually, by the board of 
supervisors, or city and county, or city or town council, 
or other governing body of such city and county, or 
city or town, by ordinance or otherwise, in the manner 
that other ordinances or legislative acts or resolutions 
are passed by such body, and shall continue in force 
for one year and no longer. Such ordinances or resolu- 
tions shall be passed in the month of February of each 
year, and take effect on the first day of July thereafter. 
Any board or body failing to pass the necessary or- 
dinances or resolutions fixing water rates, where neces- 
sary, within such time, shall be subject to peremptory 
process to compel action at the suit of any party in- 
terested, and shall be liable to such processes’ and 
penalties as the Legislature may prescribe. 

Any person, company or corporation collecting water 
rates in any city and county, or city or town in this 
state, otherwise than as so established, shall forfeit 
the franchises and water-works of such person, com- 
pany or corporation to the city and county, or city or 
town, where the same are collected, for the public use. 

A notable feature of this constitutional pro- 
vision is the declaration that if other rates than 
those fixed by the municipal authorities are col- 
Técted, the franchise and property of the com- 
pany shall be forfeited.. In view of this pro- 
vision, the courts recognize that they must steer 
clear of any attempt at actual rate fixing. The 
principle involved, we believe, is well-recognized 
law in connection with most or all court adju- 


dications of rates to be collected by pu 
vice corporations. _ 

The history of the litigation at San F 
and Oakland, as well, doubtless, asm, .,. 
lar history in other suits, indicates cle, ja 
desirable it would be, if law and justic: 
permit, to make the rates fixed by pub 
fixing bodies superior to court review 
seems to be impossible under most ir 
state constitutions, and also under the . 
tion of the United States. In some F 
countries, we believe, court reviews of ¢} 
acter are not permitted. 

As matters now stand, a large part of :: 
of many courts is taken up with rate-|\: 
cases, thus seriously delaying other 
which may be of equal or greater imy 
While the courts repeatedly disclaim any 
opinions which could be interpreted as a:.. npts 
at actual rate-fixing, the facts often a that 
they really do go much further in the of 
fixing rates, or at least of gathering and 
testimony on which rates should be base 
do the regularly constituted rate-fixing 
Such voluminous testimony as has been | 
in the San Francisco cases, for instance. ; 
ought to be submitted to the rate-fixing bod 
stead of the court, if indeed it were permi 
all in either case. 

One of the principal objects of and justi- 
fications for state public-service comm 
is to relieve municipalities and courts alike 
of rate-fixing problems and difficulties, by vest- 
ing them in bodies chosen for that purpose. 
While the courts are by no means wholly re- 
lieved of rate controversies by these coimis- 
sions much relief is doubtless thus gained, and 
we believe it will increase as time goes on. It 
would seem both possible and reasonable to so 
correlate the public-service commissions and the 
state courts that the latter would become vir- 
tually courts of appeal instead of trial courts 
for rate cases, With the United States Courts 
the problem of statutory relief would, of course, 
be more difficult, but much can be done by the 
U. 8S. Courts themselves in refusing to meddle in 
rate cases wherever that is possible. 

As we pointed out in our issue of May 27, 1909, 
already mentioned, it is ill-advised, to say the 
least, to have the rates of a public-service cor- 
poration established annually. Regardless of the 
frequency of adjustment, such rates should be 
fixed by a state rather than by a local board. 
Furthermore, and of great importance, the prin- 
ciple should be established as rapidly as possible 
in all the states of the Union, that the accounts 
of public-service corporations should be so kept 
as to make wholly unnecessary some 95% or 
more of the testimony regarding the value 
of works, revenue, expenses and net income 
that is now taken whenever rate litigation arises. 
This is the only just way of safeguarding the 
interests of both investors in public-service-cor- 
poration securities and patrons of these com- 
panies. Asidé from the mere matter of justice, 
such a reform is needed in order to save an 
enormous amount of time and energy that is 
now put into these rite cases by engineers, 
lawyers, and courts. Even though tiiere 
was a rate-adjudicating branch of the court sys- 
tem of the several states, it would still be de- 
sirable, and eventually would prove to be almost 
absolutely necessary, to reform public-service 
accounting systems along the line suggested. 


LETTERS TO THE EDITOR. 


Conflicting Statements as to the Value of 
Different Bitumens for Road Making. 
Sir: The general confusion of ideas on the charac‘er- 
istics of different bitumens end their value as road-build- 
ing materials, and the absence of any scientific stan 1rd 
of ascertaining the value of such bitumens, are illus'' ed 
by three papers lately written by Mr. Clifford Ric) 
two of which were read by title at the meet!” of 
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min heir Character,” there appears the following 
par ae 

lr eral, it may be said that those materials which 
con’ the largest amount of solid native bitumens, 
com ‘e with their use with cold es, are much 
mor esirable than any others, at least as far as the 

©" ction Of macadam highways is concerned, for the 
tease that st constructed with them bear a much 


’ relation to sheet asphalt pavements in their ca- 
clos tS reset ae ns to which they are exposed 
5 aterials originating in 8 age mosey olls alone, even 
if: latter are of an asphaltic nature. 


7 paragraph states definitely that in Mr. Richard- 


son pinion solid native bitumens (that is, according 
to Richardson’s statements for a number of years, 
bit ns which are found in natural deposits in a solid 
sti are much more desirable than any others, par- 


ti y than materials originating in petroleum oils, 
eve. if the latter are of an asphaltic nature. 

in Mr. Clifferd Richardson’s paper, “Methods for the 
Ex.~ination of Bituminous Materials for Road Con- 
stru tion as Practiced in the New York Testing Labora- 
tory,’ he states that petroleum oils have very feeble (if 
any) cementing value, not stating by the way any 
definition of “cementing value.” 

These two paragraphs are very definite. There is no 
possible chance of misunderstanding the position taken 
by Mr. Richardson in these papers, as the statements 
are absolute assertions without any qualifications and 


are entirely general. These statements assert that pe- 
troleum oils or materials made from petroleum oils are 
not ¢s valuable materials as solid native bitumens. 

In Mr. Clifford Richardson’s paper read before the 
International Good Roads Congress at Seattle, entitled 


“Asphalt Macadam Roadways,"’ there jis the following 
paragraph: 

On the Pacific Slope, the opportunity for the con- 
struction of readweys of the highest type, which has 
been described, is facilitated by the fact that vast quan- 
tities of residual pitch and flux, most of it of suitable 
quality, are available as a cementing material or binder, 
so that all that is necessary is a certain amount of 
skill and experience in handling it, to attain the best 
results. In fact there is no part of the world which is 
so favorably situated for solving the road problem as 
the state of Washington, where stone of the highest 
grade is available for the mineral aggregate, and a 
cheap and abundant supply of cementing material from 
the neighboring state of California, The state is to be 
congratulated on the opportunities which it has in these 
directions, upon the energy with which the road prob- 
lem is being attacked, and upon the prospects of suc- 
cess which lie before it. 

This paragraph relates to California petroleums. 

California petroleums are not solid native bitumens. 
California petroleums are petroleum oils. 

It is astonishing that it should be possible for a man 
of Mr. Clifford Richardson’s prominence to make (in 
papers which were published at about the same time 
and deal with the same subject) three statements equally 
assertive, equally pronounced and entirely contradictory. 

It is no wonder that the average engineer should be 
confused and skeptical regarding the statements made by 
people engaged in the production of bitumens for differ- 
ent purposes, when it is possible for one of the few 
writers on this subject, who has confessedly made this 
particular subject his special study for many years, to 
so flatly contradict himself in papers published at the 
same time. . 

Such an absurdity naturally lays open to criticism 
the practice, either in construction or tests, which may 
come from such a source. It would seem to be the 
proper thing at this time for supposed scientific papers 
on such an involved subject to avoid general statements 
without attaching reasons and evidence which can be 
considered by an engineer of intelligence as adequate. 

The paving industry and the corresponding industry 
of road-making has been always burdened with too many 
positive statements made without any scientific reason 
or any deductions which could be considered by any 
stretch of the imagination as offering proper evidence for 
them. 

If the proposition is ever to be brought to the scien- 
tific exactness which is the chief feature of modern en- 
gineering in other branches, it would seem necessary: 

First, to avoid making sweeping general statements, 
which are not founded on experience or experiment, 
which are generally contradicted and have never been 
supported by evidence; and 

Second, te pursue an investigation with the intention 
and hope not of confusing the issues but of arriving at 
such knowledge as will tend to improve conditions and 
increase the possibilities of good construction adapted 
to the present needs. 

4 Harry Tipper. 

17 hattery PL, New York City, July 7, 1909. 


{Proof of the above letter was submitted to 
Mr. Richardson. Reply was delayed by the lat- 
na 8 8S absence, Mr, Richardson’s answer follows. 
—Ed.j 

Sir: | am indebted to you for the privilege of reading 
a C0 ' of letter from Mr. Harry Tipper to you which 
critic: what he denotes as certain conflicting state- 
ments ss to the value of different bitumens for road 
making in certain papers presented by me at the recent 





Sd 


meeting of the American Society for Testing Materials and 
at the First American Congress of Road Builders at 
Seattle. 

Mr. Tipper, and perhaps others, as it does not seem 
to have made sufficiently plain, does not appreciate 
that the statements in the paper entitled “Bituminous 
Materials for Use In and On Road Surfaces, and Means 
of Determining Their Character” apply to the oils of the 
Eastern States while those in the paper “Asphalt Mac- 
adam Roadways” apply to the highly asphaltic California 
petroleums, which are entirely different materials and 
of different origin and character. 

The only way in which I would modify any of the 
statement in my papers at the present time would be 
that in the light of information recently obtained by me 
personally on the Pacific Coast I would say that some 
only, and not much, of the residual pitch which is now 
available there is suitable for use in the construction of 
macadam roads. Very truly yours, 

Clifford Richardson. 

30 Church St., New York City, Aug. 9, 1909. 


A Method of Repairing Steel Tapes. 


Sir: I have seen so many unsatisfactayy makeshifts 
at mending tapes and so few who know about the simple 
but effective method outlined below, that I think it 
worth publishing. 

Dissolve zinc in muriatic acid to saturation. Bend a 
piece of tin, about %-in. wide and long enough to reach 
around the tape, around the broken place firmly, being 
sure the steel and tin are clean. Put a few drops of 
the solution and a small piece of solder on the joint; 
hold over a burning candle or any small blaze until 
the solder melts. When properly done this never fails 
to give a satisfactory repair. 

For a field repair outfit buy five cents worth of muri- 
atic acid and in a tea cup or glass, out doors to escape 
the fumes, dissolve zinc in the acid. Then for conve- 
nience carry in the transit or level box a small vial of 
the solution, the solder, a small pair of steel pincers, 
and a few old tin can seals. With these conveniences 
one can keep his tapes in good repair. 

Very truly, 
W. H. Fuller. 





Hastings, Neb., July 30, 1909. 


Fine Grinding in Cement; How Is It Measured 
and What Is Its Value. 


Sir: In your issue of July 22, 1909, p. 105, after a 
brief review of a paper entitled “‘A Suggestion as to 
Commercial Use to be Made of Cement Testing,’’ read 
before the American Society for Testing Materials by Mr. 
Richard K. Meade, you comment as follows: “It should 
also be stated that the remarkable advantage of fine 
grinding claimed by Mr. Meade is not accepted by all 
cement experts.”’ 

I regret that Mr. Meade did not go into this part of his 
subject a little more fully, for I think the paper as it 
stands conveys some false impressions, There is noth- 
ing mysterious about the increase of strength due to 
fine grinding and I think most of the uncertainty and 
difference of opinion on this matter is due solely to our 
inaccurate use of terms. A pile of unground clinker is 
not cement and it does not become cement until it is 
ground to such a degree of fineness that it is capable 
of uniting with water to form a hydrate. If this is a 
correct definition then the material which does not pass 
through a 200-mesh sieve is not cement at all, but 
merely small particles of clinker, for it has no cementing 
properties remaining unaffected by water either cold or 
hot for any length of time. 

It is a fact less generally recognized that a large 
percentage of the material that passes through the 200- 
mesh sieve is still not fine enough to be acted on by 
water and therefore not really cement. 

If engineers would realize that a sack of ordinary 
cement contains only about half its weight of actual 
cement, the remainder being the equivalent of fine sand, 
they would be more ready to accept the idea that if the 
manufacturer can reduce the percentage of inert material 
in a sack of cement the engineer may replace this with 
an equal amount of sand without reducing the strength 
of the concrete. 

Mr. Meade’s statement that an increase of 1% in fine- 
ness as measured by the 200-mesh sieve would result 
in an increase of 2% or more in strength is danly true 
in some cases, for the strength is not proportional to the 
percentage that passes the 200-mesh sieve, but to the 
percentage of powder fine enough to be acted upon by 





. water. I do not know what Mr. Meade’s experiments 


of a great many sieve tests of different brands of cement 
show that the Fuller mills increase the percentage that 


than 
the increase in the percentage passing a 100-mesh sieve. 
If a still smaller size is separated by some elutriation 
process the difference is greater than shown by the 200- 


mesh sieve. If, however, the comparison is between 
two samples ground in the same type of mill the in- 
crease in the percentage of fine powder may not be any 
greater, and under abnormal conditions may even be 
less, than the increase in the percentage passing the 
200-mesh sieve. 

Now that the improvements in grinding machinery are 
making finer grades of cement commercially possible, I 
think that cement experts should give more study to 
this matter along the following lines: 

(1) To determine the maximum size of particles that 
are chemically active. 

(2) To devise a practicable method of testing the 
fineness of cement to determine the percentage of par- 
ticles that are below this size. 

(3) To demonstrate the relation between the percent- 
age of fine powder in the cement and the crushing 
strength of concrete made from it. 

(4) To discover the best method of proportioning con- 
crete, based on the fineness of the cement, so as to se- 
cure the greatest benefit from the finer grinding, either 
in strength or economy. Kenneth Hartley. 

1500 Grand Ave., Kansas City, Mo., July 31, 1909. 


[Our comment quoted above was made with 
precisely the same idea in mind as is expressed 
by Mr. Hartley; viz., that although set cement 
owes its strength to only the finest of the par- 
ticles in the unset material, that strength is not 
directly proportional to the fineness as measured 
by the usual commercial method of mesh sieves.— 
Ed.] 


ee 


The Recent Broadside on the Proposed Lease of 
the Philadelphia Water-Works to the Muni- 
cipal Improvement Co. 


Sir: As you are probably aware, the water situation 
in Philadelphia is again becoming interesting. 

You will probably remember that, about eleven years 
ago, one N. G. Green (then Nelson G, now N. Goodwin), 
of Providence, R. I., recognizing the straits into which 
the Philadelphia water-supply had been brought by 
“political’’ mismanagement, came to the rescue with a 
Schuylkill Valley Water Co. proposition, contemplating 
the impounding and filtration of the Schuybkill water at 
a point some thirty or forty miles a city, and 
the delivery of the filtered water, by ¢ eonduits, to 
the existing pumping stations. 

At that time I was chief of the bureau of water here, 
and Mr. Green told me that the passage of the com- 
pany’s ordinance was assured, and asked me to compare 
notes with his engineer, Mr. L. K. Davis, and inform 
myself as to the proposed arrangements. 

In conversation with Mr. Davis, I ventured to express 
the view that the city was not in need of the company’s 
benefactions, inasmuch as it was already pumping twice 
as much water as it needed, and that all the city need 
do was to restrict the waste. To this Mr. Davis replied: 
“You know very well that the administration, which 
puts meters on this town, cuts its own head off.'" In 
other words, Philadelphia was just the town for a 
water snake. 

In a report to the director of the department of public 
works, I discussed the company’s proposition, setting 
forth its needlessness and certain technical defects, 
notably a broad and shallow impounding basin, which, 
at low water, would expose large areas of nearly level 
bottom. But what threw the company’s fat in the fire 
was a statement, by a member of councils, upon the 
floor of that chamber, that he had been offered a sub- 
stantial bribe for his vote. 

Now Mr. N. G. (N. Goodwin) Green comes forward 
with a broadside, addressed to the public over the sig- 
nature of “‘Municipal Improvement Company” (Mr. Green 
modestly withholding his own name), setting forth the 
city’s present financial plight and the alleged insufficiency 
of the present supply, and offering to furnish the funds 
necessary to render the supply sufficient. 

The broadside states that: 

The most important and most glaring loss thatweon- 
fronts the city to-day is that occasioned by the operation 
of its water system. Not within the memory of any in- 
habitant has there ever been a time when you have had 
sufficient pure water for your household use. 

The filtration plant, filtration bureau, water-pipe sys- 
tem—in sh the entire water system of Philadelphia— 
is draining this city’s treasury to the extent of $700, 
each year. id 

The Municipal Improvement Company then praposes: 


To assume the operation of the entire water system. 

To bear all of its expenses. 

To not increase the cost of water to the consumers. 

To increase the supply of pure filtered water to the 
full capacity as needed by Philadelphia. 

To complete the entire filtration system. 

To re-pipe the entire city with clean, serviceable, high 


pressure mains. 

To wipe out the annual deficit by operation of these 
works of a year. 

To pay to the city of Philadelphia $12,000,000 in cash 
in three annual payments. 

To pay to the city a graduated and ever-increasing 
amount each year. 











































































a aD AEA TIICS NY TELS 














Cie 


ee 


WTP py 


PERS a PWS 5 ie SBD Daina 


eR ES Ak PRISE! 


eemnggere ss Ss 


180 


ENGINEERING NEWS. 





Vol. 62. N 





Which, during the period of the lease will, with im- 
provements amount to $100,000,000. 
To furnish to the city for municipal use its water free. 


To return to the city a watef system worth millions of 


dollars, free and without cost. 
Which will provide immediate money for the payment 
of all outstanding accounts. 
Which will stop all bond issues for current revenues. 
Which will enable the city to appropriate to its various 
departments and bureaus at once sufficient money to 
operate them properly. 
And to render it possible for the present administra- 
tion to give to Philadelphia: 
85-ct. gas. 
The resumption of the construction of the magnifi- 
cent parkway. 
The completion of the great Torresdale Boulevard. 


The broadside states that the company has submitted 
to the mayor a proposed lease, providing as follows: 

(1) For the lease and operation of the entire water- 
works system. 

(2) For thé operation, maintenance, enlargement, ex- 
tension and betterment of the same. 

(3) For the payment of $12,000,000 in three equal 
annual installments. 

(4) For the payment of an ever-increasing yearly reve- 
nue, based on the consumption of water, which will 
amount to a total of about $50,000,000. 





COST OF STEAM PUMPAGE (PUMP-HOUSE EXPENSES) AT PHILADELPHIA, 1894-1907. 


(From Annual Reports of the Bureau of Water.) 








Fuel cost Pay of employees Total 
Billions 9 A r i > r t A. iL. > t ae 
‘or per mil. gals. or per mil. gals. for i 
year. 100 ft. year. 100 ft. year. ein x 4 
. 700 $1.87 $118,500 $0.98 $3.4 
274,311 2.08 131,612 1.00 487,765 a4 
226 2.00 148,856 0.92 304 34 
349,320 1.86 158,154 0.84 591,480 3.14 
373,199 1.77 177,630 0.84 ,159 2.9 
410,789 1.77 199 0.80 672,526 2.9 
J 2.11 231,617 1.06 810,078 3.7 
t 2.04 297,907 1.31 871,886 4.14 
611,519 2.55 390,700 1.63 1,152,229 4.8 
744, 2.99 381,715 1.54 1,292,456 5. 
733,697 2.93 375,941 1.49 1,284,004 5.1 
665,742 2.55 383,747 1.47 1,204,628 4¢ 
647,808 2.52 404,758 1.57 1,302,240 5.0 
625,403 2.57 442,089 1.82 1,376,123 5G 


(18) To extend distributing mains and pipes upon the 
request of consumers. 

(19) To neither have control over nor responsibility 
for the high pressure fire service 

(20) To insure against loss by fire all buildings, fix- 
tures and machinery used by the company. 

(21) To pay to the city 
apart from the graduated 


S = Spring Garden increasing rentals, $10,000 
B= Belmont per year for maintaining 
the office of Inspector of 
Water. 
35 f, You will note particularly 
ob the fifteenth proposition in 
£88 this last series: “At no time 
rl : 
; to install water meters now 
Peel 
t § prohibited by law,’ which 
e e shows that Colonel Green, 
4 ee) “0 80 a a DB BD BAD who hails from the metered 
city of Providence, is aware 
ENS. News. Pumpage; Billions a Gallons raised 0 ft. per Year. ef the. minnetnention. by. eee 
FIG. 1. VARIATION IN COST OF STEAM PUMPING (STATION EX- 


PENSES) AT VARIOUS WATER-WORKS, ACCORDING TO PUMP- 
AGE, COMPARED WITH COSTS AT PHILADELPHIA STATIONS. 


(The curve is an approximate mean, based on figures given in Jour. N. E. W. 
May 6, 1908. 
reports of "the water-works of Harrisburg and Reading, Pa., Fall River and New 
and Absecon Station, Atlantic City, N. J.) 


W. Assoc., September, 1896; Munic. Jour. and Engr., 


Bedford, Mass., 


(5) To expend during the term of this lease on im- 
provements probably $50,000,000. 

(6) To, upon returning the entire system to the city 
free of all cost, have paid it about $62,000,000 in cash 
and to have increased its value about es or a 
total direct benefit to the city of $112,000,000. 

(7) To return to the city all land and property not 
required by us for the operation of our lease. 

(8) To bear all expense of maintenance, improvements, 
repairs and operation. 

(9) To enlarge, extend, repair, relay mains, pipes 
and services throughout the entire city. 

(10) To make all repairs to streets and highways in 
accordance with the rules and regulations of the proper 
departments. 

(11) To pay the city for ali supplies on hand. 

(12) To immediately upon passage of the lease and 
execution of the agreement, and before taking possession 
of the water-works system, execute and deliver to the 


per 100 4. 


Dollars. 
eo 


Pumping Station Expenses per Million Gals. 


$8 & 


Year. 


FIG. 2. PUMPING STATION EXPENSES AT PHILADELPHIA 


1894 TO 1907, INCLUSIVE. 


city our surety bond in the sum of one million dollars 
for the faithful operation of the water-works. 

(13) To maintain a standard of filtered water to be 
delivered by the city’s engineers. 

(14) To sell all water on the basis of the present city 
rates. 

(15) At no time to install water meters now prohibited 
by law. 

(16) To be subject to the mayor, city councils and the 
inspector of water. 

(17) To supply free water for all public buildings, pub- 
lie hospitals, fire and police stations, fire hydrants and 
for the flushing of streets. 
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people, as to the office of the 
water meter, and is willing 
to take advantage of this 
ignorance, without which, of 
course, there would be not 
even an apparent excuse 
for his proposition. Fancy 
“no meters’? to the public in 


, and annual 


Colonel Green shouting 
Providence! 

To the layman, the “‘politics’’ of the situation suggests 
some interesting questions. Mr. Green is sufficiently man 
of the world to know that, during recent years, it 
would have been idle to bring before the councils or the 
people of Philadelphia any such proposition without first 
having it stamped with approval by the contractor: 
who run the city. Now it happens that, with one accord, 
these gentlemen and their fellow-politicians vociferously 
announce their opposition to and contempt for this 
latest scheme of Mr, Green. Why then does he have 
the hardihood to bring it before us? Is the oppo- 
sition of the leaders merely a bluff, are they really ‘‘in 
it,’ or does Mr. Green suspect 
that the grip of these gentlemen 
upon the city has somewhat re- 
laxed of late, so that he dare 
proceed without their ‘“‘O. K.’’? 
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You may remember that we have just passed through 
a trolley strike which was Ostensibly settled by a wave 
of the wand of the chief contractor-boss. Whether or 
not it was this fulsome exhibition of power at a critical 
moment; or whether it was general disgust, on the part 
of the people, with the traction company and its “‘polit- 
ical’’ confederates, the recent primary election showed so 
startling a revolt that the politicians were forced to sit 
up and take notice. Since then, they have been dis- 
playing an almost startling disposition to goodness; 


, tive has the organization conscience become, si: 





and one of the most curious features is that, s 
N. G. Green's proposition was sprung upon us, 
fathers, of their own motion, have sent their. finan 
water committees upon a tour of inspection of the « 
works, to see whether perhaps they had been ; 
the community a little harder than the traffic would 
bear. 

Mr. Green, in his broadside, makes no distinct « 
of padded payrolls or other extravagance; but, so 


rges 


tbe 
late primary election, that some such action was th 
advisable. 


The grim humor of setting a councilman to « 1a 
councilman must be manifest to all but the coun 
themselves. Could anything be more amusingly pathetic 
than this tour of city fathers among the pumping sta- 
tions and filter plants, each recognizing, at the various 
points, his numerous ‘“‘friends,’’ and confronting the 
question, which of these friends must be sacrificed, in 
order, if possible, to make some kind of showing before 
the November election. 


ight 


The tacit councilmanic admission of extravagance 
throws a side light upon a feature which came to my 
notice recently. 

I had occasion to study the relation between the size of 
a pumping plant and the cost of operation per uuit of 
work done; and, for this purpose, I plotted a large 
number of data, obtaining the curve shown in Fig. 1 
from which it appears (1) that the cost, per unit of work 
done, is, as might be expected, very high in very smal) 
plants; (2) that it drops very rapidly as the size of these 
small plants increases, and (3) that, at a very moderate 
size of plant, the curve turns abruptly and becomes 
nearly horizontal, further increase in size of plant 
producing relatively little diminution in cost of op- 
eration. a 

Now, Philadelphia having probably the largest munici- 
pal pumping plant in the world, I was naturally curious 
to see how it stood in relation to this curve. To my 
surprise, I found that the cost, in 1898 (when I was in 
nominal charge of the Bureau of Water) was about 
double what it should have been according to this 
study; but I was still more surprised when I came to 
plot the cost for 1907, the date of the latest annual! re- 
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FIG. 3. VARIATIONS IN PUMPING STATION EXPENSES AT PHILA- 
RELATION TO VOLUME PUMPED. 


port, and found that the cost then was nearly doub! that 
of 1898, or about four times what it should have >) 
notwithstanding that, in the meantime, the pur :ase 
had materially increased (a change which should have 
slightly diminished the cost per unit of work), an des 
withstanding that the proportion of antiquated and 4:d% 
duty pumps in the system had very greatly diminis' 
Figs. 2 and 8 show the yariations in cost in P ee 
delphia between 1894 and 1907. “fhe figures, upon «cl 
Figs. 1 and 2 were based, W Se eeeee wee annual 
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re ot the Bureau of Water. They are given in the 
accompanying table. 

| hardly say that the foregoing involves no re- 
flection upon Mr. Fred C. Dunlap, Chief of the Bureau 


ve Water. When I held the same position the chief 
tle more than a head clerk, acting nominally 


- ser to the director of the department of public 
works, who, however, was appointed by the mayor, who, 
in turn, owed his position to the good graces of the 


politicians. 
. -ke it for granted that the same condition prevails 
he present time, and that Chief Dunlap is as little 
ynsible for the fact that his cost of pumping is four 

what it ought to be, as I was responsible for the 
fact that mine was twice what it ought to be. 

Yours truly, 
John C. Trautwine, Jr. 

o57 §. Fourth St., Philadelphia, Pa., July 19, 1909. 
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n our issue of May 13, 1909, we referred to 
this Philadelphia water lease proposition as 
something which would undoubtedly “come to 
naught.” We had not then seen the broadside 
mentioned by Mr. Trautwine. That pamphlet is 
indeed a remarkable piece of promotion litera- 
ture, as may be inferred from the small portions 
of it quoted above. A large part of the broad- 
side is devoted to a mass of figures, said to be 
taken from Philadelphia municipal reports, de- 
signed to show that the Philadelphia water-works 
are being operated at a loss, and that the funds 
which would be made available to the city by 
the proposed lease are badly needed for other 
municipal purposes. How the company is to 
take up such a losing proposition as it claims 
the water-works to be, put vast sums into the 
improvement of the works, pay the city large 
sums in cash, turn the improved works back to 
the city without charging the latter for mil- 
lions on millions of improvements, and still pay 
dividends to its stockholders the broadside does 
not explain. There seems to be only one ex- 
planation, assuming the lease proposition to be 
made in good faith, and that is that in the 
opinion of these promoters the Philadelphia 
water-works are now being grossly mismanaged. 
The writer of the broadside is of course too 
shrewd to say this directly, but indirectly the 
broadside bristles with financial statistics and 
text which seem to indict not only the manage- 
ment of the water-works but the financial and 
general administration of the city as well. 

How reliable the figures given in the broad- 
side are we cannot say. There can be no ques- 
tion, though, but what the whole municipal ad- 
ministration of Philadelphia needs improving. 
Why should the Municipal Improvement Co. stop 
with the water-works? Why not lease and ad- 
minister the whole city of Philadelphia? 

Without at all favoring the proposed lease, or 
expressing the belief that it is likely to be made, 
we must say that the figures in the broadside 
seem to demand attention on the part of the 
citizens and taxpayers of Philadelphia. The lat- 
ter portion of Mr. Trautwine’s letter indicates 
that something is very wrong with the oper- 
ations of the pumping stations, and has been 
for years. If it costs four times as much to 
Pump water at Philadelphia as elsewhere, why 
should not one infer that the operation of other 
portions of the works was quite as extravagant, 
and that the water-works revenues suffer 
grossly from mismanagement in the collections 
of rents, and that the water-works accounts as 
a whole are not so kept as to show whether the 
works are operated at a profit or a loss, or at 
least so as to show what the loss is? 

If the broadside is a libel on the water-works 
and on the city government of Philadelphia 
generally, why do not the responsible officials 
Say so? Or do they consider the antecedents of 
the Municipal Improvement Co. such that its 
broadside demands no answer?—Ed.] 


A TELEPHONE SYSTEM FOR PEKIN, CHINA, it is 
Teported, has recently been contracted for by the Chi- 
nese Government with the Western Blectric Co., of 
Chicago. The plant contracted for will have a capacity 
« 10.900 lines and will be of the latest design. Only 
2,500 lines will be installed at first and the system will 
be operated by the government. At present there are 
éstimated to be 2,000 antiquated telephone instruments 
in the whole Chinese kingdom. 





Mule-Back Transportation of Sectionalized 
Machinery .* 
By F. C. ROBERTS and WALTER W. BRADLEY. 


The subject of mule-back transportation is an old one. 
Because of its many supposed limitations and ‘‘impossi- 
bilities’ this form of transport has usually been con- 
sidered applicable only to small plants. A notable ex- 
ample of the sectionalization of large-capacity power, 
mining and reduction-units, and the transportation of 
this plant to districts accessible only by mule-back has 
been recently afforded in the case of the Ventanas Min- 
ing & Exploration Co. in Durango, Mexico, with which 
the writers were connected as consulting engineer and 
assistant manager, respectively. The success attained 





Fig. 1. Mule-Back Transportation of Agitator 
Shaft for Ventanas Mining & Exploration Co. 
in Durango, Mexico. 

(Length of shaft, 13 ft. 6 ins.; diameter, 3 15-16 ins.; 

weight, 580 Ibs.) 

makes pertinent the query, how many manufacturers of 

mining machinery appreciate the potentialities of busi- 

ness expansion by designing large units sectionalized for 
mule-back transport? 

One deterrent has been the time honored load-limit of 
350 Ibs. The fact is that with proper organization of 
crews, good food and the exercise of judgment in as- 
signing loads best suited to certain animals it is possible 
to handle over heavy mountain trails, loads of 475 to 
500 Ibs. and when necessary as much as 680 Ibs. in one 
piece. In the accompanying illustration (Fig. 1) is 
shown a mule carrying a section of 3"/,,-in. steel shaft- 
ing, weighing 580 Ibs. 

The town of Ventanas or Villa Corona, as it is offi- 
cially known, is ‘situated about midway between the 
city of Durango and the Pacific port of Mazatlan. It is 
about 20 miles south of San Dimas, Durango, but it 
takes two days to make this short journey. It is at an 
altitude .of 1,700 ft. above sea-level. Access to the 
camp is circuitous and difficult. Leaving Ventanas, 
there is but one route of descent, that along the river- 
bottom in a westerly direction. The town is accessible 
by mule-back transportation from Durango practically 
throughout the whole year, and from Mazatlan for about 
seven months, either journey requiring about ten days 
for pack (carga) mules. The 





the important machines. The capacity of plant fixed 
upon was about 200 tons (dry weight) per day, the ex- 
perimental and metallurgical tests indicating that both 
in initial cost and in economic treatment of the ore, an 
“all-slime”’ plant would be most effective. The fineness 
of the product was to be maintained so that 90% would 
pass a 200-mesh screen. 

The plant was designed and erected by F. C. Roberts, 
consulting engineer. The selection of the machinery 
was made with a view to careful sizing and to “step- 
crushing,”” and the capacity of the units was so fixed 
that the aerial trams, rock-breakers and sorting-belt 
were required to be in operation only ten hours per day. 
The plant was projected with the idea that the ore 
should be made to suit the individual units, that ts to 
say, it was contended that the most economic results 
would follow if the product assigned to each unit was 
maintained at such a degree of fineness as would best 
harmonize with the design of that unit, providing, of 
course, that the selection of units was a wise one 
All was planned with the intent that tube-mills should 
be used as the final crushing-device 

The ore is delivered to a centra! crusher-station by 
two automatic aerial trams, furnished by the A. Leschen 
& Sons Rope Co., of St. Louis, Missouri, and discharged 
to grizzlies set with 2-in. spacing, the undersize falling 
directly into bins below, and the coarse to sorting floors 
convenient to the jaw-crushers. The coarse-crushing 
equipment, Blake crushers, belt-conveyor, trommels, and 
rolls, came from the shops of the Alliis-Chalmers Co 
The sectionalization of these was made up of standard 
sizes furnished by that firm. 

The use of rolls was an experiment in this case 
prompted by the knowledge that skilled labor for stamp- 
mill practice was considered to be hard to get, and the 
fact that the pioneers of the camp had used rolls for 
some years which ran largely without attention, and 
much better with poor administration than any stamp- 
mill either of the writers had ever seen. Besides this, 
Mr. Roberts’ preliminary experiments indicated that for 
producing a %-in. product, the rolls gave a lower per- 
centage of slime, and the capacity per HP. was greater 
than perhaps could have been obtained with stamps 
From the de-watering cones below the finishing rolls, 
the product is equally divided among three Abbe En- 
gineering Co.’s tire-type tube-mills, a fourth mill being 
used for the oversize. This oversize is elevated from 
the four separating cones below the tubes, by a 22-ft. 
tailing-wheel, the overflow going direct to the treatment 
tanks. The agitation plant consists of 14 steel tanks, 
30 ft. in diameter by 10 ft. deep, equipped for mechani- 
cal agitation. After a charge is treated, it is trans- 
ferred to a collecting vat and thence to a vacuum-filter, 
and then passes through a sand-filter to extractor boxes, 
filter-presses and sumps from which it is pumped back 
for service. Ground was broken on Jan. 23, 1907, and 
the tube-mills were first turned over for service on July 
19, 1908, the entire plant beginning operation on Aug. 10, 
1908. 

All machines in the plant are operated by separate 
8-40-900-60-2080 General Electric induction motors. 
There are 14 of these 40-HP. motors and three of 30- 
HP. Power is furnished from hydro-electric plant, situ- 
ated five miles up the river from Ventanas, consisting 





profile shown in Fig. 2 will 
help to convey an idea of the 10,000’ 
altitudes and conditions met 





on the trail from Durango to 
Ventanas. “As the crow 
flies,” it is approximate- 
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make it in three or four days. ' 





The veins in the district 2000 
had been worked in a small 
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way many years ago, first 

by Spaniards, afterward by 
Mexicans and later by four 
Americans who wandered 
there nearly 40 years ago. Since they were dependent 
upon high-grade ore, their operations were necessarily 
restricted and during the last ten years or so, they in- 
stalled almost every type of small-unit plant that had 
been placed on the market and attempted nearly all the 
metallurgical processes described in the text-books, in 
an endeavor to treat the lower-grade material. While 
their efforts were not altogether successful, they deserve 
a great deal of credit for persistence and pluck in facing 
unfamiliar conditions of living. 

The Ventanas M. & E. Co. had practically agreed to 
undertake the purchase of the group of veins in the dis- 
trict, and to erect a reduction-plant and hydro-electric_ 
power-plant before it was by any means certain that 
manufacturers would undertake to sectionalize many of 


* ted from the “Mf and Scientific Press’ for 
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FIG. 2. PROFILE OF MULE-TRAIL ROUTE FOR TRANSPORTATION 
‘ OF SECTIONALIZED MINING MACHINERY. 


of two impulse water-wheels, furnished by the Pelton 
Water Wheel Co., of San Francisco, controlling three 
2-200-600-60-6600 General Electric alternators. The 
hydro-electric installation was particularly interesting 
work; not only because of the theoretical accuracy of 
the machines supplied by the manufacturers, shown later 
im the practical efficiency of both water-wheels and 
generators, but also in the engineering difficulties at- 
tendant on the selection of the ditch-route. 

As regards sectionalizing, the aerial tramways, al- 
though not involving intricate engineering problems, re- 
quired the exercise of a great deal of care in order to 
keep within proper limits of weight and to retain the 
strength where it was required. In transporting the 
cables, the colls were made up and tied with wire in 
the factofy before shipping, each mule’s load being di- 
vided into two parts, with about 12 ft. of cable between 
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each pair of coils. The 1-in. track-cable weighed 1.64 
Ibs. per running foot, the %-in. track-cable 1.20 Ibs. and 
the %-in. traction, 0.68 Ib. The coils were so arranged 
that each mule-load was about 236 Ibs. or 144 ft., of 1- 
n.; 230 Ibs., or 192 ft., of %-in.; 240 Ibs., or 354 ft., of 
%-in. cable. Twelve mules carried the 2,300-ft. length 
of %-in. cable. The largest plece of 1-in. cable required 
26 mules for its transport. One man was assigned to 
each two mules. The mule at the head of the line was 
controlled by a lead-rope, and each mule’s lead-rope was 
fastened to the pack of the mule in front of it. In this 
way, they were kept at a uniform pace, and with the 
men distributed as indicated, the entire train could be 
stopped simultaneously when necessary to tighten up the 
cinches, or for other purposes. 

The four tube-mills, 20 ft. long x 4 ft. 6 ins. in 
diameter, were, we believe, the first units of these di- 
mensions and capacity to be sectionalized for mule-back 
transportation. Each mill is supported on four well- 
spaced, chrome-stee] roller-bearings and the heavy bed- 
plates to which the bearings are fixed are cut longitudi- 
nally and transversely into four sections, two male and 
two female, the inside and bottom surfaces being fin- 
ished true and firmly held in position with 1%-in. bolts. 
The locomotive tires were cut vertically into two pieces, 
each piece being a ring of 5 ft. 3 ins. inside diameter, 
2% ins. thick, and 3 ins. wide, weighing 350 Ibs., finished 
on the Inside, bored tapering to fit the packing-rings and 
held in place with Iug-bolts, All packing-rings, flanges 
and gear-wheel castings were cut in two parts. The 
steel shell of %-in. plate was cut into three butt-jointed 
sections, each of which was made in three segments 
formed to proper radius, with heavy..longitudinal butt- 
straps. The cast-iron flanges holding the shell sections 
in place were riveted to the shell and bolted together. 
The tube-mill parts were necessarily quite heavy, and 
some of them offered a little trouble. Perhaps the most 
difficult loads to handle were the bearing rollers, not 
so much because of the weight (385 Ibs.), but because 
they rested high on the lomillos—a small wooden crib 
made of four 4 x 4-in. blocks, which rests on top of the 
saddle. The locomotive tires were also difficult to han- 
dle, and the cast-iron heads, because of their large 
diameter and frailness, required a man to each mule. 

The tanks of the cyanide plant, 18 of which were 30 
ft. in diameter and 10 ft. deep, and five were 24 ft. in 
diameter and 8 ft. deep, offered no mechanical difficul- 
ties, but made a large number of plates and an excessive 
amount of riveting. It was necessary to retain an area 
not to exceed 17.5 sq. ft. per plate. The maximum size 
of plates was 5 ft. x 3 ft. 6 ins, Each 30 x 10-ft. tank 
contained 110 plates, about 50 of %4-in. thickness at the 
bottom and 60 of *%/;.-in. on the sides. Besides these 
there were the top and bottom angle-irons, which were 
cut into 10 segments each. There were in all about 
2,500 plates to handle, and about 175,000 rivets were 
driven. The line and counter-shafts of the tanks made 
about 500 ft. in all, varying from 4%-in. diameter down 
to 8-in., and the greatest length handled was 15 ft. 10 
ins. The vertical agitator-shafts, 13 ft. 6 ins. long by 
3%5/,¢-in, diameter, were each taken in one piece weigh- 
ing 580 Ibs. These were carried on picked mules, and 
two men assigned to each mule, one man ahead with the 
lead-rope, the other behind to steady the load and pre- 
yent it from swinging and see-sawing. Heavy pieces like 
these were handled in relays, changing mules about every 
two hours. One of these shafts is shown in Fig. 1. 

Friction-clutches (Imperial type) were heavily designed 
not only to overcome the usual starting load of about 
15 HP., but to care for such emergencies as when a 
careless shiftman allows the density of the charge to 
reach a point equal to two charges. The heaviest pieces 
of these clutches weighed 480 Ibs. each. The cast-iron 
crown-wheels, and crosses for agitator-arms were made 
in four parts, held in place with shrink-rings, bolts and 
keys. Outside of the crushing-units and power-plant, 
there were no pieces which gave great trouble. Pumps 
up to 300 gals. per min., under 180-Ib. pressure, as well 
as centrifugal pumps up to 6-in., and horizontal, straight- 
line compressors of a capacity up to 400 cu. ft. of free 
air per minute, can be dismantled without much trouble 
excepting the bed-plates, which generally require to be 
specially cast in two or more pieces. 

The design of the thydraulic plant kept the individual 
pieces well within the packing limit, but with the ex- 
tremely careful workmanship and finish, and the fact 
that many of the cores were bored for a driving fit-bolt, 
it was as rigid when assembled as could be asked for. 
This plant included two double, 26-in. diameter, impulse- 
wheel units, bed-plates, bearings, shafts, housing, etc., 
together with 980 ft. of pressure-pipe and 1,500 ft. of 
grade-piping. Some sections of the -in. gage, 26-in. 
diameter pressure-pipe, which was furnished in 5-ft. 6- 
in. lengths, by reason of its weight (396 Ibs.), and the 
30-in. No. 10 gage grade-pipe, by reason of its bulk, 
gave some little trouble. 

All of the electrical units were assembled and wound 
at the mine. The 200-KW. generators were housed in 
skeleton-type frames, cut into two pieces, with short 
legs bolted to a divided bed-plate. The heaviest part 
ef the generators were the shafts, weighing 520 Ibs. 





each, while in the induction motors the rotors weighed 
480 lbs. each, with shaft pressed in. 

The fact that the largest stick of timber possible to 
transport was 10 ins. x 10 ins. x 11 ft. long, and that 
most of the heavy work was made up of 8-in. x 8-in. x 
1l-ft. material, necessarily restricted the design of 
woodwork to certain limits and called for odd spans in 
order to avoid waste. It also resulted in an enormous 
amount of splicing, building up, trussing and bracing, 
besides consuming large quantities of iron in bolts, rods, 
plates and brackets. The main timber-district is some 
five hours from the town of Ventanas, at an elevation 
of about 8,000 ft. above sea-level. A saw-mill of 5M. ft. 
B. M. daily capacity was put up, and a total of 600M. 
ft. B. M. of lumber sawed and packed out on burros 
and mules. The burros handled the lighter stuff, such 
as 1 x 12-in., 2 x 4-in., and 4 x 4-in. Some 200M. ft 
B. M. of this lumber was used in flume construction 
for the hydro-electric plant. 

In the timber transport, each mule carried from 88 ft. 
B. M. (two pieces 6 ins. x 8 ins. x 11 ft.) up to 117 ft. 
B, M. (two pieces of 8 ins, x 8 ins. x 11 ft.), with the 
average running about 110 ft. B.@M., due to the larger 
number of 8 x 8-in. pieces handled, The 600M. ft. B. M., 
therefore, made about 5,500 mule-loads, or 16,500 mule- 
load days, as the round trip required three days be- 
tween the saw-mill and Ventanas, and also between the 
saw-mill and the supply-point for the ditch line, whence 
it was handled by men. As for weight, two pieces 8 
ins. x 8 ins. x 11 ft, would weigh from 350 to 400 Ibs., 
depending on whether it was well seasoned or not, while 
a few very pitchy sticks which were actually weighed 
tipped the scales at 620 Ibs. for the pair. 

In anticipation of the enormous transport job ahead, 
the first work undertaken was the building and repair- 








Fig. 3. A_ Difficult Load to Balance; Pump 
Pinion-Shaft with Pulley and Pinion Attached. 


ing of about 150 miles of trails. Labor was scarce and 
was drawn from both the high and low country, but it 
was not long before it became evident that higher effi- 
ciency was obtained, and the cost of accommodations 
lessened, by separating the coast-men from the moun- 
taineers. At best, the hot-country natives are not over- 
burdened with clothing, and they simply cannot thaw out 
in the cold climate of the mountains. 

Next came the purchase of pack-mules, organization 
of permanent trail-gangs for repair work, distribution 
at convenient points of blacksmith outfits and tools, 
mule shoes, etc. Not of the least importance was the 
purchase at market rates and distribution of immense 
quantities of corn and paja for mule-feed. The pur- 
chase and organization of a large pack-train on company 
account does not at first suggest economy, but having 
an intimate knowledge of the Mexican packer or @rriero 
and having observed the treachery of the packers as re- 
vealed in heavy castings lying on out-of-the-way moun- 
tain trails, and having 1,500 tons of heavy, awkward, 
mining machinery at the railroad terminus, a staff of 
expensive skilled foreigners and a force of skilled Mex- 
icang at the mine, this course was justified in order ‘to 
ensure a constant supply of material for the construc- 
tion gangs, and at the same time to exercise control 
over the transport rates. 

A few Mexican transport-men will take an occasional 
load of 425 Ibs. at absurdly high prices, generally at a 
figure representing three times the value of the mule; 
but we had many pieces which were absolutely refused 
at any price. We have known instances in Mexico in 
which a company has had a heavy piece of machinery 
left somewhere along the trail after as much as $125 
had been paid for its transportation ey mine, It is 
customary to advance to packers from 30 to 50% of the 








total price when starting, and it is not unco 
them to take half a dozen loads a couple of out 
leave the carga scattered along the trail and 1... ;, 
more than one forwarding agent is handling 1...) 
Our next task was perhaps the most difficy f 
to convince our own packers, as well as outs) that 
the intention was to transport this 1,500 tons nos 
awkward machinery to Ventanas, The more ce) 
public, after visits of inspection to the railros 
held animated discussions to determine who n 
destitute of reason, the engineer who undertoo! 4 
sign and erection of the plant or the com; 
elected to pay for it. The usual day’s jour: 
pack-mule is from five to six hours, and during + 
season (June to November in Durango) the ani 
generally turned out and allowed to graze on 
sweet grass, which they prefer to the more « ' 
corn. Consequently they soon lose their si: h te 
such an extent that they cannot stand up 
ordinary load. In this respect, as well as in t); 


2 for 


itter 


of the length of jornada (daily journey) and ¢t). elght 
of loads, a material departure was made from isual 
eustom by tying up the mules and feeding th By 
reason of slippery trails, heavy loads and “green «es 
we lost, in all, 38 animals during about 16 n s of 


steady work. 

The Mexican aparejo (pack-saddle) is a larg: ther 
bag, divided so as to hang equally over both es of 
the mule, and is padded with straw and held | 


place 


by heavy breeching and cinches. It covers » the 
mule’s back, and is really better adapted for packs of 
all weights and dimensions than the pack-saddles of the 
western United States. When well secured with the 
diamond hitch thrown by an experienced arrivro. there 


is little danger of the load shifting. A good pack-mule 
aparejado (wearing the pack-saddle) is worth from $47 


to $65 U. S. currency, and a poor mule is dear at any 
price. Effective work depends to a great extent upon the 
selection and assignment of loads, the arrivro being 


guided by the gait and build and degree of ‘‘mulisiuess" 
observed. Some mules will worry themselves into a state 
of exhaustion with a load that they have made up their 
minds does not suit them. The amount of intelligence 
displayed by pack-mules is sometimes marvelou The 
affection that is shown for the yegua (bell-mare), with- 
out which a train cannot be managed, reflects another 
side of the mule’s character, which Mark Twain <o aptly 
described when he said ‘‘a mule would make love to its 
keeper for ten years or miore in order to get a chance 
to kick his head off.’ 

The company’s pack-train equipment, comprising about 
150 mules, though traveling together, was divided into 
three trains, each having its separate camp and cook 
ing outfit, saddle-man, cook and force of arrivros, with 
a head-packer in charge of the entire equipment. While 
as stated before, the company established supply and 
storage-stations for corn at convenient points along th 
route, it was not possible to have these at every stop 
the trains would make. For this reason, with a 5- 


mule train, there would be about eight mules carrying 
corn and camp-equipage. The consumption of corn ay- 
eraged from four to six liters per day per mule, this 
being divided into a morning and an evening feed. Dur- 


ing the 16 months, the price paid for corn delivered at 
supply-points was from $5 to $7 per carga of two hec- 
toliters. Besides the company’s mules, a large umber 
of outside pack-trains were employed, as well as numer- 
ous burro-trains carrying the lighter stuff such as ce- 
ment. 

The loads are generally referred to as carga, meaning 
two or more packages weighing up to 150 or 1( lbs. 
each, and cuarteo, a piece which by reason either of 
weight or bulk can only be handled singly. In selecting 
the carga or cuarteo for the mule, or the mule for 4 
given load, in one case the excessive weight would be the 
predominating factor, in another the bulk, shape of the 
piece and difficulties of balancing the load on the saddle 
For example, in one of the illustrations (Fig. 3) is shown 
a load consisting of pump pinion-shaft with pulley and 
pinion attached. Mules which are broken to the carga 
cannot well handle euarteos, and vice versa, because of 
the difficulty ‘of balancing. We have seen mules which 
could readily handle a carga of 420 Ibs. stumble and 
flounder about and wear themselves out with a cwarivo 
ot 250 Ibs. Hence it is advisable to select the mules 
for each class of service, 


Mules broken to carry timber are not effeci've 0B 
other work, and so on. A good arriero will almost 1D 
stinctively select the load best suited to the mule and 


will also balance ‘the load perfectly. If this be noi ‘one, 
many mules will be ruined in short order. It puys 
be ready to help the Mexican arrieros if you fin’ ‘hem 
in difficulty on the trail, because in trouble they are 
perfectly willing to sit down for weeks, not valuins time 
nor appreciating the need of rushing things. Ove ‘iftl- 
cult matter in handling such a large number “pieces 
and packages and so large a variety of parts *%s 
have the material gene in the sequence of crection. 
no easy ma 


because 


It to flenjity a a given part, 
ot the sectionalisation. | ‘pis was largely vero: Df 
painting the pieces, as required, with conspicuous colors. 
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ight rate for an ordinary carga of two pieces, 

138 kgs. (304 Ibs.) from Durango to Ventanas, 

s between $4.25 and $6 per carga, or between 

$42 per metric ton, an approximate average 

. <39.99 per short ton; while, for individual pieces 
« up to 425 lbs., that is, cwarteos, a special 
of from $10 to $100 is made. The railroad rate 

. any center in the United States to Durango is 
cer 100 Ibs., or $82 per short ton. Add to this 
‘ | expenses for discharging, transferring, re-pack- 
(another $2 per ton), and the respectable total 

per ton is reached, besides the duties. From 


we 


fl 
$20.2 


M in the facilities were not so good, but we had 
or small part of our stuff to transport from there. 
T te from Mazatlan is $1.60 per 100 Ibs. and the 


é rate to that port from San Francisco is $5 per 
te rhere is no reason why San Francisco should not 
0 all the West Coast business, particularly now 
he Cananea, Rio Yaqui & Pacific branch of the 
gov nern Pacifie Railway practically exploiting the in- 
te by way of Guadalajara, freight could be handled 
by 1t to Mazatlan or Manzanillo, and thence by rail 
to interior. 

About 2,500 toms of material (1,500 tons of machin- 
ery, and 1,000 tons of supplies and stores) were trans- 
ported during a period of 16 months. A small part, as 
already stated, came by way of Mazatlin. It made 
17.500 mule-loads, or 262,500 mule-load days, taking 15 
days for the round trip. Out of this lot, but four pieces 
of castings were broken, one motor-rotor and ten tank- 
sheets lost (out of 2,500 sheets), Twelve packages or 
pieces were lost by the railways. There were but two 
pieces of the plant which were not delivered at Ventanas, 
namely, the bed-plates, with guides cast on, of a Deane 
horizontal duplex pump, weighing 720 Ibs. each. These 
were sent by mistake and were taken within 10 hours of 
Ventanas before the properly sectionalized bed-plates ar- 
rived and the mistake was discovered. There they no 
doubt will remain for a long time as monuments com- 
memorating those gallant mules. 


—s 


Tests on the Effect of Temperature on the 
Setting of Concrete. 


As an addition to the material being accumu- 
lated regarding the effect of temperature on the 
setting of concrete we abstract below a series of 
tests carried on the past year as thesis work at 
Worcester Polytechnic Institute (Massachusetts) 
by Messrs. R. W. Crowther and L. E. Swift, 
under the direction of Prof. A. W. French. 
There are numerous inconsistencies in the re- 
sults but the general effect of temperature vari- 
ation is well shown. 

The tests were made on 5 x 5 x 12-in. 1:2:4 
(by weight) blocks in compression. The aggre- 
gate was a well-graded mixture and the cement 
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a udard brand which showed 766 Ibs. per 
Sq. in. in tension for 30-day neat briquettes and 
28l ibs. per sq. im. for 1:3 mortar briquettes. 
All blocks were mixed in a room with a uniform 
tem) rature of 70° F., using water at 65° F., 
and ‘he regular interval between the gaging of 
the -oncrete and the removal to the setting tem- 
beraicre was 24 hours. Forms were kept on the 


blocks for one week and the entire setting 
period in all cases was in air. 

With the exception of the batch of blocks 
placed in the 1° F. temperature, each tempera- 
ture batch consisted of 6 lots, of 3 blocks each, 
tested at 1, 2, 3, 4, 5 and 6 weeks, respectively. 
These batches were placed in temperatures of 
+ 32°, + 36°, + 47° and + 74° F., respectively, 
and broken in compression immediately on re- 
moval therefrom. The first batch (— 1° F.) was 
more complicated. All blocks were placed in a 
temperature of 1° for varying intervals and 
some were tested immediately on removal there- 
from, while others were placed first in a 2-day 
70° temperature and then for varying intervals 
in a 36° temperature. The outline of these tests, 
together with the values of crushing tests, are 
given in Table I. 

Table II. gives the averages of each of the 
other tests and the whole series is graphically 
shown in the accompanying diagram. 

TABLE I. 


Crushing strength, 
Ibs. per sq. In. 


--Days in storage—, — 
—1° jo 36° Each. Average. 

: reyes 7 817 

| eee 7 2 0 

Desa ds ARNEL 7 7 908 

hiws vbackacos 14 SA 337 

, a 14 2 0 

| See 14 7 

Poe < slik te ae 21 ve 647 

Giiacs chesae 21 7 912 
Giiianents th 21 7 906 

Wiis kc kacteee 26 2 7 726 
a a 26 2 7 679 719 
) eee y 26 2 7 753 
RPT pee 26 2 14 871 
,| ere 26 2 14 950 858 
» RS ae 26 2 1 754 

Mss cbcbeevex 26 2 21 1,246 

| Pore ee 26 2 21 952 1,155 

BBica ces ukeas 26 2 21 267 

TABLE II. 
- indays. 32°F. 36° F. 47° PF. 74° F 

D Qh inn sds cues 679 897 1,059 
2 pa weuoh ewan Oa ,027 1,232 1,435 1,746 
3 weeks........... 1,127 1,312 1,443 1,491 
4 weeks........<.. é 1,422 1,587 598 
& weeks. .......... 1,591 1,662 1,790 ,359 
6 weeks........... 1,617 1,689 Aye 1,524 





A CLOUDBURST IN WEST VIRGINIA, July 29, caused 
heavy damage to farm property along the Tygart’s 
Valley and Cheat rivers. Many wooden bridges were 
carried away and the Durbin branch of the Western 
Maryland R. R. was disabled by the washing out 
of its track. 


4- 
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A FLOOD IN CHINA during the latter part of July 
is reported to have submerged 7,000 houses in the city 
of Kirin, Province of Chang Chun, Manchuria, causing 
the death of 1,000 people. Kirin is on the Sungari 
River, 225 miles from Mukden. Traffic on the Antung- 
Mukden Ry. was entirely suspended. 

A STREET RAILWAY CAR at Longjumeau, France, 
was struck by a vegetable train Aug. 8 while waiting 
for the removal from the track of a horse whose hoof 
had been caught in a frog. Twelve passengers were 
killed and about 25 others were injured. 

A HEAD-ON COLLISION teeeeen a north and a south- 
bound passenger train on the Louisville & Nashville 
R. R., near Galloway, Tenn., Aug. 8, caused the death 
of one of the engineers and the injury of 20 passengers. 

FIRE DESTROYED ONE SPAN OF A BRIDGE across 
the Delaware River at Trenton, N. J., Aug. 10. The 
bridge was used until a few years ago by trains on the 
main line of the Pennsylvania R. R., but, since the com- 
pletion of the newer railroad bridge, the old one has been 
used only as a highway bridge. 

















THE BRITISH STEAMER “MAORI” sank Aug. 5 off 
the coast of Africa, near Cape Town, and 47 of her 
crew were drowned. Three of her boats were launched 
with a total of 556 men but only eight of the men reached 
the shore alive. 

A POWDER MILL EXPLOSION at Wilmington, Del., 
Aug. 7, wrecked grinding mill No.-8 of the EB. 1. 
Du Pont de Nemours Powder Co, and killed the one work- 
man in the building. About 1,000 Ibs. of black powder 
exploded. 
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THREE MILES OF PIPE LINE BURST near “adley, 
Ind., Aug. 7. The line was of 12-in. fron pipe 








in air at a pressure of 70 Ibs. per square inch when the 
explosion occurred which broke three miles of pipe. The 
mains of the Indiana Gas & Oil Co. lead from the gas 
wells in Grant and Howard Counties, Indiana, to Chi- 
cago, Ill., and have been in the ground about 15 years. 


- 


A HOTEL FIRE AT VERNON, B. C., Aug. 10, re- 
sulted in the death of eleven persons. The Okanagan 
hotel was a three-story, brick-veneered frame building 
and burned very rapidly. There were 74 guests in the 
building at the time of the fire, which started early in 
the morning. Those who lost their lives were cut off 
from escape by the rapid destruction of the two stair- 
cases, 
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AN AEROPLANE FLIGHT of 2 hrs., 27 min., 15 sec., 
is the record established by Roger Sommer on Aug. 7, 
at Mourmelon, phage ea This surpasses the record by 
Wilbur Wright of 2 hrs., 20 mins., 57 sec., at Le Mans, 
France, in December, 1908. Sommer's flyer was designed 
by Henry Farman, once a holder of the endurance-flight 
record, and is on the general lines of the Wright 
machines. There was nothing remarkable about the 
flight itself 
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PANAMA CANAL EXCAVATION during July totaled 
2,843,260 cu. yds. for 26 working days, a daily average 
of 109,356 cu. yds. The rainfall was 10.66 ins. During 
the month 8,156 cu. yds. of concrete was laid and 558,- 
401 cu. yds. of fill placed in dams 





” 
> 


THE POLLUTION OF RIVERS and the means of at- 
tacking the problem of their purification have been 
taken up by the Fishing Club of France, according to 
a letter from that club to ‘“‘La Technique Sanitaire” of 
Paris, in which the club announces that it will offer a 
prize for a report on the cheapest and most practical 
means of purifying the residual water from paper fac- 
tories, at the same time utilizing the maximum amount 
of wood pulp. 
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A PASSENGER TRAIN STRUCK A STREET-CAR at 
the Pennsylvania R. R. grade crossing on Indianapolis 





Ave., near 108d St., South Chicago, Il., Aug. 5 The 
conductor of the electric car, which was bound from 
Whiting, Ind., to South Chicago, was killed and all of 
the 50 or more passengers were injured. No flagman nor 
gates are provided at this crossing, which is situated 
at a curve in the Pennsylvania tracks, which has earned 
the title of ‘“‘death curve."’ The train was running at a 


speed: of about 20 mi. per hr. when it struck the car. 
The accident is ascribed to carelessness on the part of 


the street car conductor. Hé had stepped onto the 
crossing in advance of his car in order to look for ap 
proaching trains and is reported to have signalled his 
motorman to go ahead after looking in only one direction 


along the railway track 


2 
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ILLUMINATION OF NEW YORK CITY, for the Hud- 
son-Fulton celebration in October, has been planned on 
an enormous scale and in an elaborate way. It is an- 
nounced that some 1,500,000 additional incandescent 
lamps, 10,000 arcs and two batteries of search-lights 
will be used. This gives a total of about 26,260,000 c. p. 
in addition to that from any electric signs that the 
merchants may erect about Manhattan. This illumina- 
tion will be made under the direction of the Hudson- 
Fulton celebration commission which will pay for a 
considerable part. 

The batteries of searchlights will be placed in the 
vicinity of Riverside Drive, on the Hudson River at 
110th St. Important buildings and monuments will be 
lighted and routes of the numerous parades will be 
lined with festoons of lamps. A string of about 20 huge 
signal fires, along the Hudson to Newburg, will be 
lighted on Oct. 9, ‘‘Illumination Night.” 


+ ————— 
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A SEWAGE DISPOSAL CONFERENCE, embracing 
various cities and towns in the Mahoning Valley, was 
held on Aug. 5 at Warren. The towns in this valley 
include Youngstown, Warren, Niles, Alliance and others. 
About a hundred representatives were present at the 
eonference. A report on investigations of the effect of 
manufacturing wastes and town sewage pollution upon 
the waters of the Mahoning River was presented to the 
conference by engineers of the State Board of Health 
The investigation had extended over two years. ~The re- 
port included outlines of various projects for water and 
sewage purification by some of the towns. The con- 
ference led to no specific action on the part of the hun 
dred or so representatives of the various towns present, 
but it is expected that further conferences will be heid 
and that perhaps some of the towns may unite in con- 
certed action. One of these plans for concerted action is 
that of the city of Youngstown for the buiiding of stor- 
age dams to regulate the flow of the river. Such storage 
dams, it is believed, would benefit Warren, Niles, Girard 
and Struthers, and thus warrant their cooperation at 
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Youngstown in building the dams During the confer- 
ence an address was delivered by Mr. Alexander Potter, 
Assoc. M. Am, Soc. C. EB., of New York City. Mr. Potter 
laid stress upon the need of more extended recognition 
of the fact that the establishment of sewage treatment 
works should be regarded as a means of preventing 
general nuisance rather than as for the protection of 
public water-supplies. The propriety of sewage disposal 
by dilution when circumstances favor it was affirmed. 
Mr. Potter also urged that state boards of health should 
not be too didactic in their instructions to municipalities 
regarding the methods to be employed in treating sewage 
or water, and that it should be expected that municipali- 
ties should have a considerable degree of freedom in de- 
ciding just what plan of treatment was best suited to 
local conditions. This, he urged, the municipalities are 
better able to decide than the state, inasmuch as the 
city can go much farther into investigations than it is 
possible for the state to do. 


- 
> 


TREE PLANTING ON MASSACHUSETTS ROADS is 
reported on by Mr. E. W. Breed, Forester of the State 
Highway Commission in the report of the commission 
for the year 1907-8. During the year ending Nov. 30, 
1,184 new trees were planted and 744 trees formerly 
planted were replaced. The total number of trees 
planted in. five years ending with the date named was 
13,113, distributed among 55 towns. The cost of plant- 
ing new trees in 1908 averaged $1.29 each, and the 
cost of maintenance for the same year was 20 cts. per 
tree. An average of 49 cts. each was expended in pre- 
paring ground for 733 trees. 


Personals. 


Mr. Hugh Haddow, Jr., has been appointed Chief En- 
gineer of the New Orleans Great Northern R. R., with 
office at Bogalusa, La. 


Mr. John A. Bohland has been appointed Bridge En- 
gineer of the Great Northern Ry. to succeed George A. 
Casseday, whose death was noted in this column July 29. 


Mr. Joseph Walker has been promoted to be Master 
Mechanic of the Illinois Central R. R. shops at East St. 
Louis, Ill., to succeed Mr. W. McIntosh, transferred to 
Memphis, Tenn 

Mr. Oscar L. Young, of Laconia, N. H., has been ap- 
pointed to fill the vacancy in the New Hampshire State 
Railway Commission caused by the death of Henry 
M. Putney, noted in our issue of Aug. 5. 


Mr. J. A. Gearhart has severed his connection with the 
Pennsylvania R. R, Co., as Material Inspector in charge 
of the Pittsburg district, and has become Manager of 
the inspection department of the Gulick-Henderson Co., 
489 Third Ave., Pittsburg, Pa. 


Mr. F. 8, James has been appointed Superintendent of 
the second division of the Denver & Rio Grande R. R., 
with headquarters at Salida, Colo. Mr. P. B, McAtee, 
who has been Acting Superintendent of the fourth di- 
vision, has been given full title. 

Mr. W. G. Arn, Assoc. M. Am. Soc. C. E., recently 
Assistant Engineer of the Birmingham division of the 
lilinois Central R, R., has been made Assistant Engineer 
in charge of improvements to be made by that railroad 
in New Orleans, La., and vicinity. 








Mr. E. H. Fish has resigned his position as instructor 
in mechanical engineering at the Worcester Polytechnic 
Institute to become Director of the Worcester Trade 
School. An article by Mr. Fish on “The Worcester 
Trade School Plan’’ was published in Engineering News, 
Nov, 26, 1908. 


Mr. A. F. Bannon, Jr., former City Engineer of Brad- 
ford, Pa., has become Superintendent of Public Works 
at Hornell, N. Y., succeeding Frederic Leach, deceased. 
Mr. Bannon is succeeded as City Engineer of Bradford, 
Pa., by Mr. B. A. Wise, who has been Assistant Engi- 
neer for several years. 

Mr. James W. Callahan, General Superintendent of 
the Illinois Tunnel Co., Chicago, Ill., has become Gen- 
eral Manager to succeed Mr. W. J. C. Kenyon, resigned. 
The position of general superintendent is abolished and 
the office of vice-president, which was held by Mr. 
Kenyon, will not be filled for the present. 

Mr. Edward W. Bush, M. Am. Soc. C. E., has been 
appointed Chief Engineer of the bridge to be built 
near the mouth of the Connecticut River joining Old 
Lyme and Old Saybrook, Conn. Mr. Bush was employed 
as an engineer on the Hartford Bridge during the last 
few years of its construction and has been for some 
time Assistant Engineer of the Connecticut River Bridge 
and Highway District Commission. He was graduated 
in civil engineering at the Pennsylvania State College 
ix the class of 1892, 

Mr. Charles M. Jaccbs, M. Am. Soc. C. E., has re- 
signed his position as Chief Engineer of the North 
River division of the Pennsylvania Tunnel & Terminal 
R. R. and sailed for Europe Aug. 5. The work under 
his direction on the North River und Bergen Hill tun- 
nels has been practically completed. Mr. James Forgie, 
who bas been Mr. Jacobs’ chief assistant, remains in 


charge of the completion of unfinished details. Having 
disposed of the problems it was organized to consider 
in connection with the Pennsylvania Tunnel, the advis- 
ory board of engineers of which Mr. Jacobs was a mem- 
ber has been dissolved. The other members of this 
board were Gen. Charles W. Raymond, M. Am. §oc. 
Cc. B., Chairman; Mr. Alfred Noble, Past President, Am. 
Sec. C. E., and Mr, George Gibbs, M. Am. Soc. C. E. 
Obituar y. 

Joseph W. Thompson, inventor of the Thompson in- 
dicator and originator of the valve gear of the Buckeye 
automatic high speed engine, died July 15 at his home 
in Salem, Ohio. Mr. Thompson was born in Columbiana 
Co., Ohio, in 1833. 

Calvin Wells, President of the Illinois Zinc Co., Peru, 
Ill., and of the Pittsburg Forge & Iron Co, for more than 
30 years, died Aug. 2 at his home in Pittsburg, Pa., 
aged 82 years. Mr. Wells was born in Genesee Co., 


N. Y., and was educated at the Western University of 
Pennsylvania. 


Charles McIlvaine, who was a division engineer of the 
Brandywine & Waynesburg Ry. in 1861, died Aug. 4 at 
his home in Cleft Bank, Md., at the age of 69 years. 
Capt. MclIivaine gave up his work at the opening of the 
Civil War to organize a volunteer company, which be- 
came Company N, of the 97th Regiment of Pennsylvania 
Volunteers. 


Patrick J. Brennan, President of the Brennan Con- 
struction Co., Washington, D. C., died Aug. 10 at his 
country home in Hyattsville, Md., aged 38 years. His 
death was the result of his being thrown from his 
automobile about two weeks before by a collision with 
a buggy. Mr. Brennan was born in Galloway, Ireland, 
and came to this country with his parents in 1882. 


Charles M. Bissell, formerly Commissioner of Public 
Works in Albany, N, Y., died Aug. 5 at Gloucester, 
Mass. Mr. Bissell was born in Rensselaer OCo., 
N. Y. Previously to his appointment as Commissioner 
of Public Works in 1900, the greater part of his life 
was spent in railway service. He began as a switch- 
man on the Troy & Boston R. R., and in 1888 became 
Superintendent of the Eastern division of the New York 
Central & Hudson River R. R. He resigned this position 
in 1891 to engage in manufacturing, but later returned 
to railroading as General Manager of the Findlay, Ft. 
Wayne & Western R. R. He served as Commissioner 
of Public Works in Albany from 1900 to 1907, when he 
was appointed Fiscal Supervisor of State Charities, which 
position he continued to hold up to the time of his 
death, 


Arthur E. Welby, First Vice-President and General 
Manager of the Denver, Laramie & Northwestern R. R., 
died Aug 9 at Denver, Colo. Mr. Welby was born at 
Georgetown, South Africa, in 1855. He entered railway 
service as a rodman on the Great Western Ry. of Canada 
(now the Grand Trunk Ry.) in 1872. He remained 
with the Grand Trunk Ry. in various capacities until 
in 1883 he became clerk to one of the division superin- 
tendents of the Denver & Rio Grande -R. R. In 1890 he 
became Superintendent of the Rio Grande Western Ry. 
and was made General Superintendent of that railway 
two years later. From 1902 to ’04 he was General 
Manager of the Cerro de Pasco Ry. in Peru, but re- 
turned in December, 1904, to his former position with 
the Rio Grande Western. Mr. Welby was appointed Vice- 
President and General Manager of the Denver, Laramie 
& Northwestern R. R. in October, 1908, and held this 
position up to the time of his death, 

Christopher P. Brooks, a professor of textile manu- 
facturing and the organizer of four textile schools, died 
Aug. 2 at St. Anne’s-on-the-Sea, Lancashire; England. 
He was born in Blackburn, Eng.,; in 1866, and came 
to this country when about 30 years old. Before leaving 
England, he organized the textile department of the 
Blackburn Science and Technical Schools, in 1884, and, 
from 1886 to 1895, was superintendent and managing 
director of English cotton mills. From 1890 to 95, he 
was Examiner in Cotton Manufacturing in all English 
technical schools. After coming to the United States, 
he organized, in 1896, the Lowell (Mass.) Textile School, 
and two years later organized the New Bedford (Mass.) 
Textile School, of which he was Managing Director until 
1904. He established the American Correspondence 
School of Textiles in 1898. Mr. Brooks was a member of 
the National Association of Cotton Manufacturers and 
the International Congress of Technica] Education, and 
was the author of numerous books and articles on tex- 
tiles and textile manufacturing. 
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TRAVELING ENGINEERS’ ASSOCIATION. 
ry" Annual ae at Deaver, Colo. § 
peon, N. Y, C. Car Shops, Bast \ tal 


nue ENGLAND WATER-WORKS ASSOCIATI() 
8-10. Annual convention at New Yo.) 


.. Willard Kent, 715 Tremont Temple. ...2 
INTERNATIONAL ASSOCIATION OF MUN. ip az 
ELECTRICIANS. ' 


14-16. Annual convention at a Cit 
., Frank P. Foster, Corning, N. Y 5 
MICHIGAN GAS ASSOCIATION. 
14-17, Annual meeting on board steame- vlling 
Detroit, Mich. Secy., A. P. Ewing, Gay :irice 
Bldg., Detroit, Mich. 
meter > AND MAINTENANCE OF \y 


SOCIATIO a 
Sept. 14-17. nade convention at Washingto: c 
Secy., Walter E, Emery, Peoria & Pekin Un Si 


Peoria, Ill. "Yn 


MASTER CAR AND LOCOMOTIVE PAINTERS S0- 
CIATION. 
Sept. a 17. Annual convention at Niagara Fa)! 
, A. P. Dane, Boston & Maine R. R., Reading, 


aseeadbast INSTITUTE OF MINING ENGINEERS 
Sept. 16- oe Wage Bay emg and excursion on 

special 8 ng hicago, Ill. Sec R 
d, 29 W. 39th St., New York Cig?” ™ 
a vo ead & INTERURBAN RAILWAY As- 


Oct. ra Annual convention at Denver, Colo. Secy., 
Bernard V. Swenson, 29 W. 39th St., New York 


RAILWAY SIGNAL ASSOCIATION. 
Oct. 12-14. Annual convention at Louisville, Ky 
Secy., C. C. Rosenberg, Bethlehem, Pa. 


AMERICAN RAILWAY BRIDGE AND BUILDING As- 
SOCIATION. 


Oct. 19. Annual convention at Jacksonville, Fig. 
., 8. F. Patterson, Boston & Maine R. R., Con- 
cord, N. H. 


AMERICAN PUBLIC HEALTH ASSOCIATION. 
Oct. 19-22. Annual convention at Richmond, Va. 
Secy., Chas. O. Probst, Columbus, Ohio. 
AMERICAN GAS INSTITUTE. 
Oct. 20. Annual meeting at Detroit, Mich. Secy., A. 
B. Beadle, 29 W. 39th St., New York City. 


CONNECTICUT SOCIETY OF CIVIL ENGINEERS.— 
The summer meeting will be held Aug. 17 at Stoney 
Creek and the Thimble Islands, Connecticut. Mr. J. 
Frederick Jackson, New Haven, Conn., is the secretary. 

DEEP WATERWAYS: ASSOCIATION.—The second an- 
nual convention will be held Oct. 19-22, in Norfolk, Va. 
The development of inland waterways paralleling the 
Atlantic coast from Maine to Florida is announced as 
the chief aim of this society. 

SOCIETY OF AUTOMOBILE ENGINEERS.—The sum- 
mer meeting was held in Chicago, Ill., Aug. 5-7. Papers 
on electric vehicle and battery construction were pre- 
sented by Harold M. Beck, Chicago, Ill.; Alex. Church- 
ward, New York City; Robt. McAllester Lloyd, Long 


_ Island City, N. Y.; Edward Lunn, Chicago, Ill., and Dr. 


Sokal, Chicago, Ill. H. S. Baldwin, Lynn, Mass., and 
R. C. Carpenter, Ithaca, N. Y., presented papers on 
gasoline motors and testing apparatus, and Frank Harris 
Floyd, Detroit, Mich,., presented a paper entitled ‘‘Lubri- 
cants and Testing.” 

ROADMASTERS AND MAINTENANCE OF WAY AS- 
SOCIATION.—The 27th annual convention will be held 
at the Ebbitt Hotel, Washington, D. C., Sept. 14 to 17. 
The following committee reports are expected to be pre- 
sented: (1) relaying rails; organization, methods and 
cost; (2) standard switch targets and safety switch de- 
vices; (3) comparative value of stone, gravel, chats and 
burnt gumbo for ballast under heavy traffic; (4) cattle 
guards; (5) different kinds of rail fastenings, including 
insulated joints; (6) varieties of tie-plates and their 
merits; (7) new and improved devices and appliances, 
including ties. A paper on ‘Treated Ties’’ will be pre- 
sented by Mr. J. M. Meade, and several topical ques- 
tions have been suggested for discussion. The secretary 
is Walter E. Emery, Chief Engineer, Peoria & Pekin 
Union Ry., Union Station, Peoria, Ill. 


MASTER CAR AND LOCOMOTIVE PAINTERS’ AS- 
SOCIATION.—At the 40th annual convention to be held 
in the Cataract House, Niagara Falls, N. Y., Sept. 14- 
17, a paper will be presented entitled ‘Excluding and 
Rust Inhibiting Properties of Paint Pigments for the 
Protection of Steel and Iron,” by Henry A. Garduer, 
Chief Chemist, scientific section, Paint Manufacturers’ 
Association of the United States, and Mr. W. 0. Quest, 
Pittsburg & Lake Erie Ry., McKees Rocks, Pa., w!!! 
present an essay on “The Master Painter and the 
terials He Uses.’’ Mr. Quest will also present a repo'! 
as Chairman of the committee on tests. The best method 
of painting new steel passenger cars and of maintain:1s 
the same will be discussed by Messrs. H. C. Laffer, 
Standard Steel Co., New Castle, Pa.; Wm. A. Breith: upt, 
Pullman Co., Chicago, Ill., and C. C, Abel, Amer 
Car & Foundry Co., Berwick, Pa. Among the o.”! 
subjects to be discussed are the use of cork, or °'-' 
materials, as a preventative of moisture or damp. <* 
in ‘the finishing of steel cars; the Maintenance 
of passenger car floors and best method of trea'i's 
and. maintaining the interior #f old and new refrige:'”' 
cars. 











